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THE BALANCE OF SCIENTIFIC 


HE White Paper, ‘Industrial Research and 

Development Expenditure, 1958” *, issued by 
the Department of Scientific and Industrial Research, 
is somewhat slighter than that issued in 1958 under 
the title “Estimates of Resources devoted to Scientific 
and Engineering Research and Development in 
British Manufacturing Industry, 1955”; but it is 
claimed to be somewhat more accurate as a result 
of improvements in the method of compilation. 
Moreover, it is of particular interest at the present 
moment when the abandonment of the Blue Streak 
missile project has raised major issues in defence 
research policy and in our effort in space research, 
for the report brings out some remarkable changes 
in British industrial research and development during 
the period of three years. The trends revealed bear 
closely both on the relation of defence research to the 
civil economy and on the effort which Britain can 
afford to devote to space ragearch. 

Taking first the broad picture, the report estimates 
that in 1958 British manufacturing industry spent 
about £380 million on research and development 
(co:apared with an estimate of £190 million in 1955) or 
4-2 per cent of manufacturing industry’s contribution 
to national production (compared with 3-1 per cent 
in 1955). Of the total, 95 per cent was spent in 
industrial establishments, and about 5 per cent 
(£13-7 million) on payments to outside bodies, among 
which co-operative research associations took some 
29 per cent, the universities about 4 per cent, and 
other research institutions 65 per cent. These included 
independent research institutions and industrial con- 
sultants, but, particularly in the newer electrical and 
motor vehicle industries, payments were largely for 
technical information from other companies, often 
parent or associated companies overseas. ~Such 
expenditure to outside bodies was highest in indus- 
tries comprising a large number of small manufac- 
turers, which tended to concentrate their effort in 
the co-operative research associations. 

These figures suggest that research and develop- 
ment have more than kept pace with the change in 
the value of production. The volume of production 
during the period changed only very slightly, and the 
Economics Committee, over which Prof. C. F. Carter 
presided, responsible for the report, is confident that 
this conclusion cannot be invalidated by any imper- 
fections in the statistics. The second broad conclusion 

mthat is particularly pertinent just now is that the 
Pro, rtion of expenditure on research and develop- 
ment in establishments maintained by manufacturing 
industry provided out of defence contracts has fallen 
from nearly two-thirds to less than half, so that in 


* Department of Scientific and Industrial Research. Industrial 
esearch and Development Expenditure, 1958. Pp. iv+13. (London: 
-M. Stationery Office, 1960.) 1s. 3d. net. 
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the period the expenditure on ‘civil’ research and 
development has approximately doubled. 

The basic method used in this inquiry was to 
apply to the estimates of fully qualified man-power 
engaged in research and development obtained by 
the Ministry of Labour from all manufacturing estab- 
lishments employing 500 persons or more, and to a 
sample of those employing between 11 and 499 
persons, estimates of cost per fully qualified person 
obtained, industry by industry, from a sample 
questionnaire addressed by the Department of 
Scientific and Industrial Research to 502 companies. 
There was an 80 per cent response to the Ministry of 
Labour inquiry, and the replies from 292 companies 
to that of the Department of Scientific and Indus- 
trial Research covered 1,044 establishments, including 
nine central research establishments serving an 
unspecified number of factories. Together with data 
from an inquiry made by the British tron and Steel 
Federation, the latter return accounted for more than 
half the fully qualified scientists and engineers 
estimated to be employed on research and develop- 
ment in all manufacturing industry in Britain other 
than the aircraft industry, and the estimates are 
regarded as more reliable than those for 1955. 

The estimates of cost per qualified worker vary 
greatly from one industry to another, being related 
to the weight of development expenditure and to the 
amount of use made of supporting staff. In its own 
establishments, all manufacturing industry employed 
on research and development 113,508 workers, of 
whom 26,225 or 23 per cent were qualified scientists 
and engineers. The average cost per qualified worker 
is thus £10,791; but if the aircraft industry is 
excluded (for which the figure was nearly £31,000) 
the average falls to £7,968, which compares with an 
estimate of £5,600 in 1955. An increase of 14-15 per 
cent can be attributed to rising prices and incomes, 
but, even at constant prices, there appears to have 
been an increase in expenditure per qualified worker 
of about 27 per cent, attributed partly to an increase 
in the number of supporting staff, from about two in 
1955 to three per qualified worker in 1958. The 
chemical and allied trades (6,368 out of 20,476) and 
electrical engineering and electrical goods (7,677 out 
of 31,848) employed the largest number of qualified 
workers in research and development and the cost 
per qualified worker was £6,655 and £7,472, respec- 
tively. These two industries accounted £43 
million and £64-5 million, the 
expenditure on research and development, and the 
aircraft industry for £100 million; but it must be 
remembered that about 80 per cent of the defence 
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These estimates of expenditure on research and 
development, when compared with estimates of net 
output, again show remarkable variations between 
industries. Covering all industries, research and 
development expenditure averaged 3-8 per cent of net 
output ; but if the aircraft industry, for which the 
figure was 35-7 per cent, is left out, the average is 
2-6 per cent. For the industries based on science, 
such as elecirical engineering (11-9), precision 
instruments (10-7) and the chemical industries (5-9), 
the figure was appreciably higher; whereas in the 
traditional industries such as food, drink and tobacco 
or manufactures of wood and paper and printing, it 
was as low as 0-6 per cent and 0-25 per cent, respec- 
tively. Capital expenditure accounted for just over 
10 per cent (£29 million) of the total expenditure of 
manufacturing industry on research and development 
in its own establishments, and of this sum more than 
half was incurred by the chemical and engineering 
industries. 

Looking at the total of £13,664,000, estimated as 
paid by manufacturing industry in Britain to outside 
bodies in 1958, it should be noted that the £546,560 
going to the universities should be put alongside 
£2,286,212 provided from Government departments 
to the universities in 1959-60 and £2,797,060 pro- 
vided in the 1960-61 estimates for specialized 
researches. This is included in the vote of £65,670,790 
for the universities through the University Grants 
Committee, of which £42 million is by way of recur- 
rent grants. But there appear to be no published 
figures for the expenditure on research and develop- 
ment by the Atomic Energy Authority, the vote for 
which in the 1960-61 estimates amounts to £92 
million, apart from £5,430,000 on research and 
development contracts with industry, the univer- 
sities, etc. It should be recalled that such expenditure 
by the Industrial Group alone increased by 280 per 
cent between 1956-57 and 1959-60, and the volume 
of such work placed with industry is to be trebled in 
the next few years. 

The present review of research and development 
expenditure in industry loses something of its value 
for assessing the balance of the research effort in 
Britain through the absence of accurate figures for 
the corresponding Government expenditure against 
which to compare it. In opening a debate on capital 
investment in industry in the House of Commons on 
April 26, Mr. J. H. Osborn, who referred to the White 
Paper, put Government expenditure on civil research 
at about £38 million, with a further £204 million on 
defence research and £5-3 million by the nationalized 
industries. He did not indicate the source of his 
figures, and his total of £242 million compares with 
an estimate of £277 million given by the Financial 
Secretary to the Treasury in a memorandum on the 
Civil Estimates. 

Even this total of £277,748,774, however, is incom- 
plete. It includes £202,150,000 on research and 
development by the Ministry of Aviation, of which 
£162,920,000 is for research and development work 
by industry, £18-5 million on scientific services by 
the Admiralty, with another £12-29 million on ship- 
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building, repairs, maintenance, etc., £544,000 on 
medical research by the Air Ministry, £650,000 on 
meteorological research and £137,000 on operational 
research. Then there 
Scientist’s Department of the Ministry of Power, 
£287,424 on the Science Museum, £793,200 on the 
Directorate of Overseas Surveys and £200,000 on 
Overseas Geological Surveys. On the other hand, 
some at least of the expenditure included, that on 
research under the Home Office, for example, is 
searcely of scientific significance, though some of the 
£15,754,514 for educational services and research, not 
included by the Financial Secretary, could be. 
Most of these items, however, are comparatively 
minor, though the absence of any figures for the 
Atomic Energy Authority and the nationalized 
industries is @ major matter, even if only the first 
falls properly within the Civil Estimates. More sig- 
nificant, however, is the omission of the contributions 
made to research through international bodies ; for 
example, £1,330,000 through the Department of 
Scientific and Industrial Research to the European 
Organization for Nuclear Research, £204,000 to the 
International Atomic Energy Agency, £300,000 to 
the European Nuclear Energy Agency, £1,242,000 to 
International Atomic Energy projects, and £6,250,000 
in grants to the Nuclear Research Institute (all these 


through the Atomic Energy Authority), or the 
£125,925 to the scientific schemes of the North 


Atlantic Treaty Organization. Such contributions 
might become more important if the trend away from 
defence research revealed by the inquiry continues, 
and if the trend to co-operative research with other 
members of the North Atlantic Treaty Organization 
develops. 

Such a trend is suggested both by the discussions 
arising out of the Government decision to abandon 
the development of Blue Streak as @ missile and by 
the conclusions of Mr. D. Wilgress in his report to 
the Organization of European Economic Co-operation 
on “Co-operation in the Field of Scientific and Tech- 
nical Research”*. Little was, in fact, said about this 
aspect in the House of Commons debate, although 
some increase in our investment in research and 
development was urged, and there was little support 
for a view expressed by Lord Grantchester in the 
House of Lords that it is possible to spend too much 
money on research; nevertheless, Mr. H. Rhodes 
suggested that in some industries scientific research 
is badly applied. The question of balance between 
fundamental and applied research or between the 
research effort conducted by industry itself, by 
Government departments and institutions, and by 
the universities and research institutes was not men- 
tioned, and yet this balance may be all-important in 
considering whether or not Britain should extend its 
effort in certain of the more costly and spectacular 
fields at the expense of other fields requiring attention. 

This question of balance is strongly emphasized 
by Mr. Wilgress in his report, which in fact includes 

* Organization for European Economic Co-operation. Co-operation 


in the Field of Scientific and Technical Research. Report by Mr. D 
Wilgress. Pp. 27. (Paris: Organization for European Econom 


Co-operation, 1960.) 
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several tributes to the British effort and its organ- 
ization; for example, the development of the 
research association system and the device of the 
National Research Development Corporation. Mr. 
Wilgress was asked to discuss with government 
authorities as well as with senior representatives of 
national administrations, science and industry, the 
measures already taken or planned to intensify the 
scientific and technical resources of each member 
country of the Organization, to make those in high 
authority aware of the importance which scientific 
research and technological development are likely to 
have on the future economy, and to propose measures 
to increase technological resources and to favour the 
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establishment of common action for their more 
rational use. 
While he found an encouraging and increasing 


awareness in the past three years of the need for 
greater scientific and technological activity, Mr. 
Wilgress regards Europe as falling far behind the 
United States in utilizing the results of applied 
science. He makes some comments on the educational 
system, including the place of fundamental research 
in the universities and the need to ease some of the 
existing rigidities in the educational 
Europe. He points out that the solution of really 
difficult problems in fundamental research is best 
left to the initiative and imagination of eminent 
scientists, although when more than one branch of 
science is involved, the team concept becomes useful. 
He recognizes the difficulty which sponsored research 
presents to the universities, but suggests that use of 
this method deserves attention from the 
Organization for European Economic Co-operation, 


some 


and an analysis of sponsored research in Europe 
made by Dr. F. N. Woodward (see Chem. and Indust., 
33; 1960) certainly suggests that there is plenty of 
scope for development. 

On the whole, Mr. Wilgress considers that more 
intensive scientific research is a matter for national 
rather than international effort. His recommendations 
for reorganizing the scientific activities of the Organ- 
ization are, in fact, strictly limited. He suggests that 
its Committee of Applied Research should in future 
report direct to the Council, and that it should be 
known as “‘The Committee for Scientific Research’. 
so that it would cover the broad field of scientific 
research while concentrating on those aspects with 
important economic implications. Eventually he 
visualizes the Governing Committee for Scientific 
and Technical Personnel as merging with this Com- 
mittee, and in the meantime he suggests the estab- 
lishment of a scientific advisory committee of seven 
or nine persons, each serving in a personal capacity, 
to advise the Council on the general scientific policy 
of the Organization. 

Mr. Wilgress concludes that the Organization for 
European Economic Organization is the only inter- 
national organization in a position to develop co- 
operation in scientific and technical research between 
the countries of Europe. Such co-operation for 
economic ends will be increasingly important, and 
Mr. Wilgress fully recognizes the need to develop 
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co-operative efforts in fundamental research, par- 
ticularly the replacement of weak institutes by one 
strong one, though he also appreciates the value in 
fundamental research of work proceeding in several 
places. His stress is on the importance of wise and 
inspiring leadership, and he insists throughout that 
while the Organization offers the best scope for 
increasing European co-operation in science, such 
co-operation should have an economic basis or 
implications, and the Organization’s real function is 
to assist in fact-finding and the dissemination of 
information and to stimulate the development of the 
scientific and technical resources of member-countries 
in the interest of the economic growth of Europe as 
a whole. He lends no support to the launching of 
projects involving large sums of money, and his very 
sensible report emphasizes points that we in Britain 
need to keep carefully in mind in considering the 
balance of research and development in Britain, and 
the effect on that effort of any large new undertaking 
whether in space research or elsewhere. 


QUANTUM THEORY FOR THE 
SCHOLAR 


Mécanique Quantique 
Par Prof. Albert Messiah. 
3,900 francs. Tome 2. Pp. xvi 
(Paris: Dunod, 1960.) 


Tome 1. Pp. xv+430. 
+544. 4,800 francs. 


Principles of Quantum Electrodynamics 

By Walter E. Thirring. Translated from the German 
by J. Bernstein. (Pure and Applied Physics : a Series 
of Monographs and Textbooks, Vol. 3.) Pp. xv +234. 
(New York: Academic Press, Inc.; London : 
Academic Books, Ltd., 1958.) 8 dollars. 


EXT-BOOKS on quantum theory in general and 

monographs on special topics in this field are 
appearing nowadays at an ever-increasing rate. 
“Mécanique Quantique’’ by Messiah is the latest 
addition to the text-book literature. It is of con- 
siderably more than average length ; other authors 
usually cover much the same ground in less volume. 
This does not mean to say, however, that this work is 
verbose ; given the author’s intention, he could 
scarcely have made it shorter. 

To-day there are basically two methods of 
expounding quantum theory—either one |presents the 
theory as a set of rules, the justification of which is 
that they form a logically consistent scheme capable 
of describing Nature correctly, or alternatively, one 
traces the historic development, discusses the 
inevitability of quantum theory superseding classical 
theory and leads up, step by step, to the general rules. 
On a previous occasion I have remarked that perhaps 
it is time to.move away from the idea that the second, 
historical approach to quantum mechanics is essential 
to a first introduction to the subject. In any event, 
quantum theory has many users to-day who are not 
primarily interested in the foundations of the dis- 
cipline. The present volumes are not for these, but the 
student who wishes to go deeply, to understand, not 
just to use, should welcome the existence of an 
exposition such as this, which takes him carefully 
along the traditional road of approach with much 
attention to detail, but without ever losing a basic 
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unity of outlook that makes the book eminently 
readable despite its length. Lest English readers 
may be deterred by the language barrier, let it be 
said that the characteristics of clarity and simplicity 
extend to the language side also. The genera! contents 
of the volumes are much what one would expect, 
though it should be noted that the stress throughout 
is on general questions rather than on applications. 
Thus, to give but one example, the structure of the 
Periodic Table is treated with unusual brevity and the 
structure of molecules is not discussed at all. On the 
other hand the appendixes include a full summary 
of mathematical group theory. Like most text-books 
the reader is taken right up to relativistic theory, 
with a chapter on the Dirac electron and a sketch of 
quantum electrodynamics. Such final chapters are of 
course only useful in providing the ‘further outlook’ 
that whets the reader’s appetite. To treat them in 
detail in the author’s individual style would surely 
have required two further volumes. 

Thirring’s “Principles of Quantum  Electro- 
dynamics” deals with precisely the last-mentioned 
questions. Superficially at least it is diametrically 
opposed to what one imagines a continuation of 
Messiah would be. This is a translation of a book that 
originally appeared in German and was at the time 
most favourably acclaimed by the experts. Though 
the English edition is an expanded version of the 
original, brevity is, even now, an outstanding 
characteristic of this author’s style. Perhaps the most 
notable single aspect of this work is its combination 
of fully up-to-date mathematical treatment with a 
continual stress on the physical meaning of the 
formalism. However, for entirely different reasons, 
one can say of this work just as of Messiah’s that, 
while it is probably not the best first introduction to 
this field, it is eminently recommendable to the 
reader who seeks to acquire depth of understanding— 
and not merely dexterity in manipulation—in a 
difficult subject. N. KEMMER 


WHAT IS AGRONOMY ? 


Advances in Agronomy 

Vol. 10. Pp. xii+547. 12.50 dollars. Vol. 11. 
Pp. x +428. 12 dollars. Edited by A. G. Norman. 
(Prepared under the auspices of the American Society 
of Agronomy.) (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 
1958-59.) 


HAT is agronomy? Certainly, like ‘billion’ 

and ‘suspender’, it suffers a potentially embar- 
rassing change of meaning in crossing the Atlantic. 
In England, little would be left for agronomy when 
the claims of chemistry, entomology, plant path- 
ology and so on had been stated—perhaps the 
study of green manuring, seed-rates and sowing 
dates. 

In the United States apparently the subject of 
agronomy comprises pretty well all agricultural 
science. Subjects covered by the present volumes 
range from liming to castor-beans and from wheat 
stem rust to water and its relation to soils and 
crops. 

“Advances in Agronomy” is written mainly by 
Americans about conditions in the United States ; 
out of 17 articles only 2 come from institutions in 
other countries. (References to recent British work 
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rare.) Many articles (especially those 
chemistry) deal with fundamental work 
to field experiments 


are very 
on soil 
and make little reference 
or practice. 
their subjects, devoting only small space to recent 
advances. 

Among articles which appealed to me are those on 
individual crops (safflower and castor-beans) and on 
stem rust of wheat ; the last is an excellent account 
of the difficulties of plant breeders competing with an 
adaptable air-borne pathogen. The article on recent 
developmonts in agricultural machinery in the United 
States is excellent and is one of the few articles of 
direct interest to British farmers. 

Two articles come from outside the United States. 
One is a full account of the classification of the soils 
of Australia with their pedological descriptions ; the 
known incidence of mineral deficiencies is concisely 
set out on maps. The other deals with the soils of 
Holland, relating their origins to their present appear- 
ance and the farming systems which have been 
established on them. 

The articles in these two volumes, with a few 
exceptions, read like a disjointed collection of con- 
densed text-books, or chapters from text-books. The 
range of subjects covered is far too wide to justify the 
implied suggestion that they are all branches of one 
science. These volumes do not establish ‘agronomy’ 
as @ science. G. V. DyKe 


FLUID DYNAMICS: A MIXED BAG 


Fluid Dynamics 

By Dr. D. E. Rutherford. (University Mathematical 
Texts.) Pp. ix+226. (Edinburgh and London: 
Oliver and Boyd, Ltd.; New York: Interscience 
Publishers, Inc., 1959.) 10s. 6d. net. 


Introduction to the Theory of Compressible ‘Flow 
By Prof. Shih-I Pai. Pp. xiii+385. (New York: 
D. Van Nostrand Company, Inc. ; London: D. Van 
Nostrand Company, Ltd., 1959.) 9.75 dollars ; 73s. 


Fluid Mechanics 

By L. D. Landau and E. M. Lifshitz. Translated 
from the Russian by J. B. Sykes and W. H. Reid. 
(Course of Theoretical Physics, Vol. 6.) Pp. xii +536. 
(London and New York: Pergamon Press, 1959.) 
1058. net. 


S an aftermath of the rapid development of fluid 
A dynamics during and since the Second World 
War, books recording new results or re-interpreting 
old results are now appearing in large numbers. The 
variety of books on fluid dynamics is also increasing, 
and the above three volumes in particular are widely 
different in purpose, style and content. 

Dr. Rutherford’s addition to the valuable series of 
University Mathematical Texts is aimed at uncer- 
graduates taking an honours courge in mathematics 
in Britain. This is a sensible aim, for there is 4 
dearth of introductory texts on fluid mechanics that 
are up to date in spirit as well as in content. Most 
teachers of the subject are aware that the older books, 
which concentrated on ‘perfect’ fluids because greater 
analytical development was thereby made possible, 
are not very useful to-day and may even be education- 
ally harmful. It is possible nowadays to teach aspects 
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of theoretical fluid dynamics which are fundamental, 
which are capable of mathematical expression and 
elaboration, and which describe accurately what 
happens in reality ; but the books which discriminate 
properly between what is merely a mathematical 
exercise without physical significance and what is 
sound theory are not yet numerous. 

In accordance with this need, Dr. Rutherford has 
devoted nearly a half of his book to non-perfect fluids 
(first compressible and then viscous), and the book 
is given a physical flavour by the inclusion of four 
plates of flow photographs. The jacket claims that 
“care has been taken to emphasize the distinction 
between real fluids and the mathematical models in 
terms of which the applied mathematician makes his 
calculations’. I do not think this claim is justified ; 
and, inasmuch as the author seems to me not to have 
succeeded in this absolutely vital test, I am doubtful 
if his book has any advantages over older texts, 
except the undoubted merit of cheapness. Dr. 
Rutherford’s other contributions to the series of 
University Mathematical Texts have been on less 
physical subjects and have been well received. In his 
new book there is the same clear exposition and 
appreciation of the needs of students, but there are 
many places where he reveals his amateur status and 
his lack of acquaintance with the realities of fluid 
mechanics. Perhaps the most important fact about a 
viscous or ‘real’ fluid is that the flow past a bluff 
body is in general not approximately the same as for 
a completely inviscid or ‘perfect’ fluid, not even when 
the viscosity is extremely small, and if the inclusion 
of a discussion of viscous fluids in an introductory 
text has point at all, it is surely to reveal this limitation, 
on the applicability of inviscid fluid theory ; but a 
statement to this effect is not to be found here, either 
in a general discussion or @ propos of particular cases. 
The author repeats the old fallacy about fluid not 
being able to go round sharp edges because of “the 
physical impossibility of having an infinite fluid 
velocity’’, and this is made the basis of Joukowski’s 
hypothesis about the circulation. He includes the 
change in internal energy of a gas in the expression 
for the ‘‘rate at which energy is being dissipated into 
heat’”’. Such comments (which could be multiplied) 
would be captious if the more purely mathematical 
qualities of the book compensated for the lack of 
physical understanding. These mathematical qualities 
do exist, but they also exist in many older books. I 
feel that Dr. Rutherford has added one more to the 
list of text-books on fluid dynamics about which 
students have to be warned; although in view 
of its handy size and appealing price his book 
may well be the one students choose in spite of the 
warning. 

Prof. Pai’s book. is quite different in type. He has 
prepared an account of the flow of compressible fluid, 
which, so far as level of treatment is concerned, is 
suitable for postgraduate students and for those 
taking up research in the subject. The military and 
technical importance of high-speed flow has led, by 
the usual unseen but inexorable processes, to this part 
of fluid dynamics being the favourite of young 
research workers (or did until recently, when magneto- 
hydrodynamics became the ‘chosen’-subject and 
displaced it), and there is a large and hungry market 
seemingly able to consume any number of books like 
this one. Avid readers encourage hasty authors, and 
the breathless unscholarly style of Prof. Pai’s book 
will deter those who look to a book for enlightenment 
a8 well as information. There is insufficient space here 


No. 4730 


NATURE 





1001 


for a detailed account of the contents of the book and 
of its merits; it must be sufficient to say that the 
scope of the book is very wide and that something is 
said on almost all aspects of gas dynamics, some of 
them quite advanced and the subject of current 


research. The writing is not careful, and the 
author’s explanations of fundamentals do not 
inspire confidence. He has, perhaps, done research 
beginners a good turn in gathering so much 
material together, but they will need guidance in 
their use of it. 

“Fluid Mechanics”, by Landau and Lifshitz, is a 
translation from Russian of one of a set of nine 
volumes making up the authors’ “‘Course of Theoreti- 
cal Physics’. The authors are already well known by 
name to Western physicists, but it is a fair guess that 
they will be much more widely known as a result of 
the translation of these nine volumes. When I first 
saw a list of the titles of the nine volumes, I ungener- 
ously inferred that the volumes on_ theoretical 
classical physics (like the present one) had probably 
been written out of determination to be absolutely 
complete, and that they would be poor relations to 
the volumes on quantum mechanics, field theory and 
statistical physics. Reasonable though this inference 
may have been, at least if the authors had been 
theoretical physicists from Europe or America, it is in 
fact quite unjust here. We have been given 536 pages 
of first-rate writing, with no hint that the authors 
found the material any less interesting than that in 
their other volumes. The authors have surveyed the 
whole field of fluid mechanics, from a fairly advanced 
point of view, and, although the different branches of 
the subject are of course not carried to the boundaries 
of current research, the book is extraordinarily 
interesting to both teacher and specialist. Analytical 
lucidity of the kind expected of good theoretical 
physicists has been combined with remarkable 
breadth of knowledge of the subject (one’s mind 
boggles at the thought of equal erudition displayed 
on eight other subjects) to produce a book of unusual 
quality. 

It must be owned that it is not a book for beginners ; 
a good deal of background material is taken for 
granted, and some of the arguments are rather 
sophisticated. Nor is it likely to be very useful for 
routine reference, since the authors’ choice of material 
is sometimes strange and unsystematic and, moreover, 
they have made little attempt to include experimental 
data. But for a theorist who is advanced enough to 
appreciate new views on innumerable results, some 
standard and some merely ‘well known’, the book is 
a gold mine. G. K. BaTcHELOR 


THIRD CANADIAN CANCER 
CONFERENCE 


Canadian Cancer Conference 
Vol. 3: Proceedings of the Third Canadian Cancer 


Research Conference, Honey Harbour, Ontario, 
June 17-21, 1958. Edited by R. W. Begg. Pp. 
xiv +461. (New York: Academic Press, Ine. ; 
London: Academic Press, Inc. (London), Ltd., 


1959.) 12 dollars. 


T this conference twenty-eight papers were 
presented on nucleic acids, genetics, viruses and 
tumours, and on the biology of cancer. At the 
two earlier conferences the subjects chosen were : 
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(1) experimental tumours, tumour-host relations, 
enzymes, ionizing radiation; (%) the cell, leukemia 
and chemotherapy, hormones aud cancer, immunity 
and basic mechanisms. Thus the organizers of the 
three conferences seem to have avoided any bias 
towards (a) carcinogens and carcinogenesis, and 
(6) environmental factors and the demography of 
cancer. 

The first section of the third conference deals with 
nucleic acids and consists of nine papers. Their 
relation to the cancer problem is somewhat indirect 
and the term ‘cancer’ is brought in here and there a 
little surreptitiously ; however, the nucleic acids are 
an important theme at most centres of cancer 
research at the present time. 

The second section, on genetics, consists of seven 
papers, a few of which have a more direct bearing on 
eancer. The leading article, ‘“Recent Contributions 
on the Genetic Concept for the Origin of Cancer— 
Studies on the Nature of Adaptation of the Trans- 
plantable Tumour”’, is by L. C. Strong ; it is 36 pages 
in length and is illustrated by a graph three feet long 
(and double sided) ; it would be necessary to be very 
enthusiastic to follow Strong through these 36 pages. 
It is with something akin to relief to find Strong 
concluding that the whole affair is a little unsatis- 
factory, for he finally decides “Tt seems likely 
that the concept of genic instability is the probable 
explanation of the irregularities of growth en- 
countered in the study of this transplantable ana- 
plastic carcinoma”’. 

In the same section there is a paper by L. W. Law 
on “Some Aspects of the Etiology of Leukemia’”’, 
part of which is devoted to a discussion of one of the 
high-lights of experimental cancer to-day, namely, 
the Gross and the Stewart mouse tumour viruses. At 
first Law appears to be extremely critical of the 
Gross findings being interpreted as evidence of a 
transmissible virus, but after assembling the results 
accumulated separately by A. Gross, S. Stewart, 
C. Friend, 8. O. Schwartz and A. Graffi, he concludes 
that . . . “‘“Modification has occurred of an acellular 
material, obtained from an AKR source in serial 
passage indicating a self-perpetuating characteristic. 
The bulk of the evidence to date, therefore, would 
suggest that the acellular materials derived from 
several sources are leukwmogenic, in certain situations, 
resembling the capacities of X-rays, estrogens and 
carcinogens’. One is almost tempted to ask, ‘““‘When 
is @ cancer-producing virus not a virus ?”’ : 
“When it is a leukemogenic, self-perpetuating 
acellular material obtained from an AKR source 
in serial passage etc.” There seem to be 
three alternatives, either the agent is a virus, or a 
chromosomal fragment, or it is infectious ribonucleic 
acid. 

The genetics section also contains a paper by G. 
Klein of Stockholm on “Variations and Selection in 
Tumour Cell Populations’; he writes, “It is also 
being increasingly realized that the change from a 
normal to a tumour cell is rarely if ever a single step ; 
usually it is the end result of a series of successive 
changes. Various steps involved in this biological 
process, part of which is known under the name of 
tumour progression. 

In fact, whether carcinogenesis occurs in steps or 
continuously, or how many steps are involved is 
still a matter of experimental conditions and of 
interpretation. Klein does not seem to be too 


sure of his ground (and with very good reason as 
the whole subject is exceedingly hypothetical), for 
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his conclusions are a study in diffidence; almost 
every statement is qualified by a saving clause . . 
‘some tentative’, ‘strongly suggest . . .-may’, ‘no 
reason to assume’, ‘some evidence’, ‘little reason’, 
‘seem to be no less complex’, ‘probably varies from 
case to case’. 

The papers by D. B. Amos, “Some Iso-Antigenic 
Systems of the Mouse”’, by 8S. E. Luria, “Viruses as 
Determinants of Cellular Functions’, and by Fuerst, 
““Lysogeny’’, are related to cancer problems, but on a 
slightly different level as it were. 

The article by Sarah E. Stewart, B. E. Eddy and 
M. F. Stanton, “‘Induction of Neoplasms in Mice and 
Other Mammals by a Tumour Agent carried in 
Tissue Culture”, is of particular interest; these 
workers report that the mouse polyoma virus is also 
effective in rabbits and hamsters, and in a foreign 
strain of mice (Swiss) it can induce leukemia and 
tumours of the parotid, kidney, thymus, meso- 
thelium, mamma, subcutaneous connective tissue, 
bone, hair follicle, thyroid, adrenal, buccal mucosa, 
lung, sweat gland and stomach. Antibodies to the 
virus could be detected in animals bearing the 
tumour, in control mice housed in the same environ- 
ment as mice with the tumour, and in personnel 
exposed to the virus. 

Stewart’s results are confirmed in a paper by 
Mirand and Moore, who also report that the mouse 
polyoma virus can induce a variety of tumours in 
the hamster and rat. 

D. W. H. Barnes, M. J. Corf, P. O. P. Ilbery, JJ. 
Loutit and F. E. Neal propose to treat leukwmia 
by destroying all the lymphocytes by radiation and 
re-populating the system with healthy cells; the 
resulting combination of tissues and cells derived 
from two individuals is termed a ‘chimera’. 

The section on the biology of cancer consists of 
three papers: the first, by L. H. Gray, contains 
little directly on cancer, except for a cautious state- 
ment that “one particular effect of ionizing radiation 
on genetic material should be mentioned as con- 
ceivably of importance in relation to cancer induction, 
namely, the transformation of prophage into phage” 

The use of the word ‘conceivably’ is appropriate here, 
for it is conceivable that cancer is induced by a virus 
which conceivably resembles phage. The epilogue to 
the conference is a paper, “The Biology of Cancer 
by the eminent virologist Sir Macfarlane Burnet. 
He believes that carcinogenic change can be regarded 
as “almost entirely’’ due to somatic mutation or 
clonal selection. As evidence in support of somatic 
mutation he describes the observations on Australian 
long-fleeced sheep. In 30 examples of long-fleeced 
sheep in large herds of short-woolled breeds (20 million 
sheep),, 1 case showed 44 per cent area involvement 
of the wool, suggesting that the mutation occurred 
when the sheep consisted of two cells only ; 3 cases 
showed 23 per cent area, indicating mutation at the 
4-celled stage, and 15 cases had 0-2-5-6 per cent 
area, suggesting mutation at a stage later than 16-cell 
segmentation. The frequency of mutation per cell is 
calculated to be 10-7:'5 to 10-7-*, whith is of the same 
order as mutation for germ cells. 

Burnet has thus, apparently, overcome the most 
serious theoretical difficulty for somatic mutation, 
namely, that raised by the multicentric view postu- 
lating that carcinogenic induction takes place in 2 
whole region of tissue simultaneously and not in a 
single cell or small group of cells. But to discuss this 
fascinating problem adequately would require a full- 
length review on. its own. I. HrEGER 
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An Introduction to Medical Genetics 

By Dr. J. A. Fraser Roberts. Second edition. Pp. 
x +263. (London and New York : Oxford University 
Press, 1959.) 358. net. 


No. 4730 


rT “HE author looks forward to the day when genetic 

knowledge is so perfectly incorporated into 
medicine that specialists in medical genetics are no 
longer needed. The complexities of human biology 
would seem to make this a distant and perhaps un- 
realizable future, and it must also be admitted that 
little positive work has been done in the past to show 
the clinician or medical student how genetic principles 
may be put to use in ordinary clinical practice. Recent 
discoveries relating blood group frequencies to specific 
diseases have generated a new interest and the present 
book, a second edition appearing nineteen years after 
the first, is an admirable introduction to the subject, 
illustrated exclusively by medical examples and 
almost wholly deductive and non-mathematical in 
treatment. It is designed for the clinician or senior 
student with a real interest in learning something 
about medical genetics. The point of view is clinical 
and based on the affected individual : eugenics and 
the public health are not discussed. The average 
medical student may well find the book too demand- 
ing, but he should nevertheless be made to read the 
last chapter, on genetic prognosis. Here is a lucid 
description of how anxious parents can be accurately 
helped in one of the most critical decisions they will 
ever have to make, whether to have more, or even 
any, children. Precise and sometimes extensive 
knowledge is an essential prerequisite and in this field 
also the practitioner should know when to call in the 
specialist. 

Very recent advances in human cytogenetics, which 
it was possible to refer to in a postscript, have already 
led to spectacular discoveries, and new observations 
are being reported almost monthly. After sufficient 
time for their proper digestion a third edition will 
surely be called for. The opportunity might then be 
taken to consider how the actions of doctors affect 
the genetics of the human race and of particular 
individuals, not only through the mutagenic effect 
of the medical uses of radiation, and perhaps of drugs, 
too, but also through the effects of medical treatment 
in preserving individuals carrying deleterious genes 
so that they reach the age of marriage and reproduc- 
tion. R. H. Moe 


The Reach of Science 
By Prof. Henryk Mehlberg. Pp. xii +356. (Toronto : 
University of Toronto Press; London: Oxford 
University Press, 1958.) 45s. net. 

HIS book is an able study in the philosophy of 

science. If it seems, in part, a little heavy- 
handed, the reader must accept that as something to 
be paid for the author’s careful approach, and his 
concern to avoid misunderstandings. There are three 
main parts: the concept of scientific knowledge, the 
method of science, and the universality of science. 
It is a little difficult to state exactly where the writer 
stands, but he is evidently a liberal upholder of the 
“logical inherent universality of science’’ rather 
than of the rigid positivism stemming from Comte, 
who, in the event, has not proved a very constructive 
influence in research. 

Prof. Mehlberg makes a good point in bringing 
under one critical comment both historicism and 
psychologism. The errors are parallel; in the first 
case to see in history the sole explanation of some- 
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thing, in the second to assign to subjectivism an 
excessive share in the unravelling of causes. 

The urge to believe that “whatever is knowable is 
scientifically knowable”’ is excellent so far as it goes. 
It is hard to credit nevertheless that the author 
intends to press his thesis to the limit, in view of 
countless lives lived both rewardingly and _ benefi- 
cently without so much as a shred of ‘knowledge’ as 
thus defined. F. I. G. RAwtrns 


The World of Learning, 1959-60 


Tenth edition. Pp. xiii+1221. (London: Europa 
Publications, Ltd., 1960.) 140s. net. 


c HE World of Learning” continues in its now 

established form and hence remains a most 
valuable comprehensive compilation of academic 
organizations throughout the world. It includes 
details of Unesco, giving its origin, aims, functions 
and activities, and followed by alphabetical treatment 
of the academic institutes of each of the member 
countries. It includes learned societies, research 
institutes, libraries and archives, museums and art 
galleries, universities, colleges and technical institutes. 
The entry for each institute contains its address, the 
names of the leading officials, and in most cases a 
list of professors is provided. The compilation ends 
with a thorough sixty-four page index of all the 
institutes covered. It is regretted, however, that the 
editors have still not been able to gain the full co-opera- 
tion of U.S.S.R. institutes, and the total contribution 
by the U.S.S.R. remains at twenty-eight pages. The 
work loses some of its usefulness by still not having a 
name index. 


Chemical Process Principles 

By Prof. Olaf A. Hougen, Prof. Kenneth M. Watson 
and Prof. Roland A. Ragatz. Part 2: Thermo- 
dynamics. Second edition. Pp. xviii+505-1072 + 
xix-lvi. (New York: John Wiley and Sons, 
Inc.; London: Chapman and Hall, Ltd., 1959.) 
78s. net. 


HIS is a completely revised edition of a book 

first published in 1947. After an introductory— 
but not elementary—chapter on thermodynamic 
principles, the authors present an extensive chapter 
on the properties of pure fluids, mainly based on the 
Lyderson—Greenkorn—Hougen three-parameter modi- 
fication of the theorem of corresponding states. The 
rest of the book can be divided into three parts. In 
the first part the authors discuss the aspects of 
thermodynamics that are of particular interest to 
mechanical engineers, such as fluid-flow, power 
production, propulsion, and _ refrigeration. The 
second part is concerned with solutions, vapour- 
liquid equilibria, and separation processes. The last 
three chapters deal with chemical equilibria in simple 
and complex reactions. This edition is enlarged as 
well as improved. Stress is laid on fundamentals, and 
it has been skilfully brought up to date. It is a 
comprehensive work at a level far more advanced 
than most currently available text-books, and will 
hold an important place in the university class-room 
as well as on the reference shelf. If it has a fault, it is 
that of obscurity, particularly in the first chapter. 
This is no primer, and the unversed reader will be 
well advised to choose another book. The informed 
reader, on the other hand, will find it a valuable 
addition to his collection. 

L. E. Marc DE CHAZAL 
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EVOLUTIONARY ORIGIN OF SEXUAL DIFFERENTIATION AND 
THE SEX-RATIO 


By Dr. H. KALMUS and Dr. C. A. B. SMITH 
The Galton Laboratory, University College, London 


TUDIES of sex ratio usually start from the 

assumption that it is specifically advantageous 
for a species to divide itself into two sexes in equal 
numbers. They then proceed to special explanations 
why this ratio should break down or be imperfectly 
realized in particular instances. The purpose of this 
article is to investigate: (1) why and when a 1: 1 
sex ratio might be advantageous ; (2) how it might 
have arisen. 


Advantages of Sexual Differentiation 


Experience suggests that inbreeding in a popula- 
tion is usually disadvantageous, and often markedly 
so. One of the prerequisites for outbreeding is cross- 
fertilization, and this also provides a large number of 
different gene permutations through genetic recom- 
bination. Such genetical diversity can be important 
when there are abrupt changes in environmental 
conditions, and without it the species may not be able 
to survive. A possible further function of recom- 
bination is the replacement of deleterious mutants. 
Without such replacement, mutants which are only 
slightly disadvantageous could slowly accumulate by 
chance in small isolated populations, and in time the 
species might die out. These three advantages of 
cross-fertilization suggest why it should be biolog- 
ically important. 

Although it is possible to have cross-fertilization 
without sexual differentiation (a condition called 
isogamy), we show in what follows that it is greatly 
assisted by such differentiation. We suggest that 
this is the fundamental reason for the evolution of 
sex in a population, and why it should have arisen 
repeatedly in the history of a single species. 

Fertilization also serves the propagation of a 
species. Self-fertilization is much simpler and a less- 
hazardous procedure than cross-fertilization. Hence, 
unless there is a really effective barrier to self-fertiliza- 
tion, it is likely to be very much more common than 
crossing, especially in a species which is rare and 
widely scattered, and this could result in a harmful 
degree of inbreeding. 

There is accordingly a conflict in many species 
between the advantages of cross-fertilization on 
one hand, with its avoidance of inbreeding, and self- 
fertilization or clonal development on the other hand, 
with their much greater ease of propagation. Survival 
of the species may depend on some compromise. 

Another pair of contradictory tendencies closely 
connected with our problem are the respective advan- 
tages of being large and relatively secure, or of being 
small, numerous and mobile. In multicellular organ- 
isms compromise solutions are reached which com- 
bine both these tendencies, either by the sequence in 
time of large soma and small gametes or spores, or 
by the simultaneous production of large and small 
gametes in the same species. 


Advantages of Numerical Sex-Equality 


One aspect of such developments is the establish- 
ment of certain numerical equilibria, of which, as 


we shall show, the sex-ratio is an example. Let us 
start by considering a situation in which cross- 
fertilization is guaranteed by self-sterility. For 
example, in many unicellular species two gametes 
from the same clone cannot unite to form zygotes, 
but those from different sub-strains may be able to do 
so even when they are alike in outward appearance. 
If there are only two such sub-strains, suppose they 
occur with respective numbers n, and n,: then the 
number of opportunities of such a mating is propor- 
tional to the number of pairs of individuals chosen 
one from the one strain and one from the other, and 
this number is n,n,. Now if the total number of 
individuals (n, + n,) is assumed to be effectively 
determined by environmental conditions, we (will) 
get maximum propagation when n,n, has its maxi- 
mum value for given (n, + ”,). But: 


NN, = 3 (n,+Nn,)* — (nm, — n,)?* 


and hence 7,n, is greatest when } (nm, — 7,)* is least, 
that is, when n, — n, = 0, and the two sub-strains 
occur in equal numbers. (Similarly, with any number 
of sub-strains which are cross-fertile but self-sterile, 
the optimal situation is that in which all strains occur 
in equal proportions.) Mechanisms which ensure 
numerical equality of the two kinds of gametes will 
therefore confer a selective advantage: and we 
may expect in such cases numerical equality of 
morphologically similar types of gametes. Situations 
of this kind are observed among other cases in green 
flagellates (Klebs') and also in the infusoria (Sonne- 
born?) where nuclei are exchanged between two mating 
types. . 

The products of isogamy in algae and of conjug: 
tion in infusoria do not undergo long and complex 
developmental changes and therefore do not need 
much reserve substances. On the other hand, such 
substances occur more or less abundantly in the 
zygotes of many higher plants and animals. If such 
species also require a high degree of genetical recom- 
bination, and hence cross-fertilization, the maximum 
propagation will be achieved by providing the 
greatest possible number of zygotes with sufficient 
reserves. Kalmus* has shown that under certain 
plausible conditions this will happen if there is an 
unequal distribution of reserve material to two 
different kinds (‘small’ and ‘large’) of mobile aquatic 
gametes, but in such a way that the reserve as a whole 
is about equally divided between a large number of 
the small gametes and a small number of the large 
ones. In organisms having external fertilization, 
such as echinoderms, bivalves, fish and others, the 
total masses of spermatozoa and ova are indeed 
found to be approximately equal. A similar situation 
is the comparable bulk of pollen and oVarial materia! 
in some wind-pollinated plants. 

In moneecious plants and hermaphroditic animals 
the proportion of sperm and ova (pollen and ovules) 
is regulated by physiological means in each individual, 
and questions of sex ratio do not arise. The problem is 
somewhat different in bisexual animals and planis 
where the proportion of sperms and ova depends on 
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the ratio of males to females in the population. The 
assimilatory powers of males and females are not very 
different in many species, and each can produce 
about the same volume of sex products. Therefore the 
optimal] situation of near equality of bulk of sperma- 
tozoa and ova can be safeguarded by near equality 
of the numbers of individuals in the two sexes*. 
This occurs in non-copulating species of the following 
animal groups: Coelenterata, Scolecida, Mollusca, 
Brachiopoda, Enteropneusta, Echinodermata, Tuni- 
cata, Ascidia, Cyclostomata, Pisces and Amphibia. 
In plants, comparable relations exist among Myxomy- 
cetes, Phycomycetes as well as among the dicecious 
flowering plants. 

In the case of animals with internal fertilization 
which have two sexes (copulating, gonochoristic 
forms) we shall require the chances of encounter of a 
male and female to be a maximum ; we have already 
shown that this occurs when the two sexes have equal 
frequencies, assuming the total numbers to be limited 
by other factors. 

Inequality in the numbers of the sexes can also 
be disadvantageous in another way. If the popula- 
tion contains, let us say, only a small number of 
females, then half the genes in the next generation 
must be derived from these females, however many 
males there may be. It follows that the genetical 
diversity of the population will thereby be restricted ; 
in fact, there will be a large number of pairs of half- 
sibs in the next generation, and so presumably a 
large number of matings of related individuals : 
and this will lead to inbreeding. Sewall Wright has 
devised a measure of this restriction of genetical 
variation in a small population which he calls the 
‘effective size’ of the population. If there are n, 
males and n, females, and the population breeds 
at random, the effective size is* : 
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> 4n wn (n, — n,)? 
N = —— = my + My — —* 
Nnyrtny, Ny, +N, 


The greater the ‘effective size’ the smaller the degree 
of inbreeding, other things being equal; hence the 
optimal situation occurs when the effective size N 
is @ maximum. For a given total size n, + n, this 
will occur when (n, — n,)* is least, that is, when 
n, = M,, and there is a 1:1 sex ratio. This effect 
will be most important in small populations, for 
example, if a species is divided up into small, rela- 
tively isolated groups. 

In all situations considered above we see that the 
observed sex-ratios show a general agreement with 
those expected on the theory that the function of 
sex is to reduce inbreeding so far as possible. In the 
ease of species which rear their young, a further 
reason for expecting equality of sex-ratio at the time 
of sexual maturity has been given by Fisher® in 
terms of the effort required to raise offspring of the 
two sexes. 


Evolution of the Sexual Differentiation 


We now turn from the consideration of the final 
population sex-ratio to the mechanisms through which 
sexual diversity and the numerical equality of the 
sexes may have evolved. A survey of the animal‘ 
and plant’? kingdoms shows that sex-differentiation 
has vanished and probably arisen many times during 
evolution, and it is safe to assume that no two 
instances were quite the same. Let us again assume 
that a species requires the fusion of two genetically 
diverse types of gametes for its continued existence, 
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and that fertilization will be most successful if the 
reserve material is stored mainly in one type*. Some 
barrier is required to prevent gametes from the same 
individual from combining, and this must be power- 
ful, or it will be frustrated by the much greater 
probability of encounter of such gametes as compared 
with those from different individuals. Three possible 
devices are as follows: (1) Self-sterility mechanisms, 
for example, self-incompatibility. These are some- 
times rather precarious arrangements, found in fungi, 
other plants and a few animals. (2) Proterandry or 
protogyny, where individuals produce male and female 
sex products at different times in succession. (3) The 
differentiation of two types (males and females), one 
producing small gametes, the other large ones. 

In certain fish* and mosquitoes® single allelic 
differences or possibly short regions in a chromosome 
seem to determine sex. In most other organisms 
which have been investigated there have evolved 
different and more complex schemes of genetical sex- 
determination*®. One difficulty which such mechan- 
isms encounter during their evolution is that of 
apportioning three genotypes AA, Aa and aa to 
two sexes with equal frequency. 

One theoretical possibility would be to have both 
homozygotes AA and aa of one sex, and the hetero- 
zygote Aa of the other sex. This has not been 
found, although Whiting and Whiting'’® discovered 
a somewhat similar mechanism of sex determination 
in the hymenopteran Habrobracon judlandis ; there, 
heterozygosity at a number of loci on different 
chromosomes results in female development. Males 
are normally haploid, but can also be produced by 
homozygosity at some of these loci. 

Another possibility is that of a homogametic sex, 
genetically aa, and a heterogametic sex, Aa; in this 
context A, a can denote either allelic genes or com- 
plete chromosomes (Y and X). This kind of sex 
determination is of frequent occurrence. It could 
arise through the gradual elimination of the type 
AA. 

Let us suppose that in a diploid population homo- 
zygous for gene a, and producing only small gametes, 
there arises a dominant gene A which results in larger 
gametes with more reserve material being formed. 
These gametes which will carry A will thus provide the 
zygotes with more reserves, and thus be advantageous; 
hence the gene A may be expected to spread through 
the population. This spread will, however, be checked 
by the difficulty of union between these large, rela- 
tively static gametes, so that the advantage will 
only remain while there are a sufficient number of 
small gametes also present. Hence this situation may 
be expected to lead to an equilibrium in which both 
dominant and recessive types persist, and most 
fertile unions are between large and small gametes. 
From such a mating system in which there is already 
a tendency towards sexual differentiation, natural 
selection may be expected to develop a more complete 
sexuality in the course of time. 

Another conceivable origin of sex-differentiation 
would be the appearance of a dominant mutation A 
with the property that types AA and Aa produce large 
gametes, and aa produces small gametes. Let us 
further suppose that there is dissortative mating, 
that is, a preference for the mating types dominant > 
recessive rather than dominant x dominant or 
recessive X recessive. Then the calculations of Li‘ 
suggest that even with only a moderate degree of 
dissortation, the population will approach an equili- 
brium in which the proportions of dominants and 
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recessives are equal, and only a small proportion of 
the dominants are homozygotes AA. Now the struc- 
ture of such a population differs only little from one 
with completely dissortative mating, with only the 
two types Aa, aa, present in equal numbers and only 
the single type of mating Aa x aa. This in turn 
suggests that it may be comparatively easy for selec- 
tion to change from moderate to complete dissorta- 
tion ; this involves little disturbance to the popula- 
tion as a whole, but provides it with the advantages of 
sexual differentiation. 

It seems worth noting, as pointed out to us by 
Prof. L. S. Penrose, that a dissortative mating can 
lead to an equilibrium also when the homozygote AA 
is lethal, whereas without dissortative mating this 
would lead to a gradual elimination of the gene A. 
If, therefore, a dissortative mating system arises 
during the development of sexual differentiation, it 
becomes possible for the AA type to tend to lethality 
without destroying the system, thus emphasizing the 
differentiation into the two types Aa@ and aa. This 
can lead ultimately to situations like the human 
one, in which the YY chromosomal zygote is pre- 
sumably lethal. 

Other mechanisms of ensuring numerical equality 
of the sexes are of course conceivable. It should, 
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however, be pointed out that most of the tendencies 
which have been postulated in this article do not 
apply to the primary sex ratio, but to numerical sex 
equality at maturity. It has been frequently claimed 
but also denied that the primary sex ratio, that is the 
sex-ratio at conception in man, is very high and it is 
a fact that the secondary sex-ratio, namely, that at 
birth, shows regularly a significant excess of males" 
However, the survival of females is greater through 
most of post-embryonic life and women reach a higher 
age than men. This situation results in near equality 
of the sexes during the reproductive ages. 
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BIOLOGICAL EQUILIBRIA IN HUMAN CANCER 


By Cr. KENNETH W. 


STARR, C.M.G., O.B.E. 


Hon. Director, New South Wales State Cancer Council 


O human race is immune from cancer and the 
cancerous spectrum is encountered variously in 
all populations. Humanity justifiably regards the 
disease with dread because of the insufferable pain 
and abject dilapidation which attend its fierce 
mortality. Several unfashionable studies'-* have 
established the fact that most patients who contract 
the disease eventually die from it, and Lancaster* 
avers dramatically that in the younger age-group in 
Australia there has been no improvement for more 
than a hundred years; in fact, some deterioration 
has occurred in melanoma and leukemia. The disease 
therefore is “‘no ballet dance of bloodless categories” 
but a poignant human problem 
It may be remarked with disaffection that a per- 
ceptible estrangement exists between the experimental 
and clinical disciplines in oncology. Experimental 
science finds difficulty in disciplining the uncontrol- 
lable variables of the human patient, and studies 
in man are notably disconcerting and imprecise. 
Accordingly, scientists dispose for their purposes of a 
vast array of susceptible animal colonies and artificial 
carcinogens with which, by exogenous administration, 
tumours are induced and transplanted. In this 
fashion, the honoured tradition of Percival Pott? 
and of Yamigawa and Itchikawa* is projected into 
modern cancer research. It is then assumed that the 
tumours studied by these “exquisite techniques, 
masterfully applied’’ are comparable in genesis, 
evolution, and pathology with human cancer. This 
assumption requires examination. 
With regard to carcinogenesis, the scientist 
(Peyton Rous*) declaims: “Now we know that 
neoplastic changes are not spontaneous, but are 


induced by extraneous agents and conditions in the 
generality of instances and almost certainly in them 
all. It has become ‘rule of thumb’ on finding a 
tumour to look for the agent bringing it on’’. To the 
clinician, such an attitude is not only unacceptable, 
it is also unintelligible. With the exception of a few 
solar and industrial cancers, the only “rule of thumb” 
applicable to the lethal cancers which he daily treats 
is his uniform and unmitigated ignorance of their 
etiology. 

Most experimental carcinogens are mutagenic, and 
the clinician is further asked to believe that human 
cancer results from a somatic mutation. Conse- 
quently, “there is little ground for optimism about 
cancer” and “‘we should look forward not only to 
failure but to a sharp increase in the incidence of the 
disease’’'*, Ignoring the threnody, it may be observed 
that cancer rates, cancer predilection for both organ 
and site unrelated to mass, and cancer behaviour cuuse 
difficulties for this hypothesis. Recognized mutation 
rates in human populations rarely exceed 1 per 10,000 
of population, while cancer attains a much higher 
rate (further augmented by unrecorded ‘silent’ 
and precancerous complements). Cancers in man 
favour certain zones of certain organs comprising 
about 20 per cent of the body mags while ignoring 
adjacent zones and other massive tissues (the volun- 
tary muscles, bones, liver and small gut are rare 
sites). Certain systems (especially the alimentary) 
produce about 5 per cent of multiple tumours. 
Cancer of the female breast shows several anomalies. 
It is slowly increasing in this century", shows heredi- 
tary associations’, is bilateral in 3 per cent of 


patients, is consistently more frequent on the left 
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side, and in almost half the cases affects the upper and 
outer quadrant'*. The theory of somatic mutation is 
unsatisfying when confronted with the combination 
of site and organ predilection unrelated to mass, 
bilaterality, laterality, multiplicity and variable 
frequency. An alternative genetic hypothesis appears 
essential. 

From their studies of spontaneous carcinogenesis 
in human explants, Levan and Biesele'* have postul- 
ated chromosome fracture in a tissue of high mitotic 
index. The human smal] gut is 23 ft. in length, and is 
remarkable for its very high mitotic index and 
nucleoprotein turnover. Cancer, however, is practic- 
ally unknown there. 

Steiner™,'*, in his superb surveys, finds several 
incompatibilities. He contrasts the long latent period 
and independent stages of human cancer with the 
more rapid appearance of cancer following chemical 
and other mutagenic carcinogenesis. He notes, too, 
that many phenomena of experimental carcinogenesis 
are absent in human cancer (cocarcinogenesis, 
summation, synergism, inhibition, conditional car- 
cinogenesis, and anticarcinogenesis by noncarcino- 
genic substances). Further, he marks the following 
cancers as essentially human in character because they 
have no counterparts in type and behaviour among 
the induced tumours of animals: cancers of the 
stomach, colon, rectum, pancreas, lung (broncho- 
genic), oesophagus, uterus, salivary gland and 
breast (“a different disease’). This list comprises 
the majority of cancers which the clinician en- 
counters. 

Spontaneous human and animal cancers are notably 
resistant to chemotherapy, effective against experi- 
mental cancers'’. The elimination of industrial 
cancers—a great triumph of modern preventive 
medicine—has not affected total cancer incidence 
because known carcinogens are rare clinically. To 
all these considerations, Greene’s'* experience in the 
transplantation of human tumours is complementary 

“the highly individualised primary neoplasm 
develops to attain ‘independence’ and then to trans- 
cend the species barrier. This profound biological 
transformation is not due to sudden mutations 
affecting normal cells but to a developmental process’’. 
Willis'! agrees with this. 

The complexity of the genesis and evolution of 
human cancer becomes even more apparent when the 
biological equilibria in which it is involved with other 
vital processes are studied. 
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The Genetic Equilibrium 


“It must be difficult always to remember”, wrote 
Darwin in his “Origin of Species’’, ‘‘that the increase 
of every creature is constantly being checked by 
unperceived hostile agencies”. Although modern 
science has increased the life-span, death comes as it 
must to all men, chiefly through disease. The 
pattern of disease varies in each population. In 
oncology the Mendelian population is chiefly racial, 
for it is found that certain races favour certain cancers 
and shun others. The cancer-rates, too, vary among 
the races ; low rates are chiefly found among primi- 
tive races—the less-variable wild organism (Wadding- 
ton)—and high rates in advanced cultures. It is a 


genetic truism that these Mendelian populations with 
“the common gene pool’ (Dobzhansky) and ‘an 
exceedingly heterogenous aggregate of largely hetero- 
zygous genotypes’’!® survive by virtue of their hetero- 
geneity. 


Moreover, this heterogeneity is not related 
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to single genes but to “polygenic groups’’ mutually 
involved in a “totality of interaction’’ (Dubinin). 

In 1825, Benjamin Gompertz**, of Northampton 
and of Portuguese extraction, presented a communica- 
tion before the Royal Society asserting that the 
“force of mortality” and the age of human popula- 
tions manifested a straight-line relationship in the 
logarithmic graph. This function has been merely 
of academic interest for more than a century, and its 
current resurrection in relation to human cancer is 
indeed a scientific romance. It has now been suffici- 
ently demonstrated in countless millions of human 
beings in many populations that the Gompertz 
function is valid’. The simplicity of this two-dimen- 
sional graph is startling considering its import, and 
it has recently been shown that it is maintained before 
adulthood, if violent deaths are excluded**. The 
force and authenticity of this human demographic 
study is in some contrast with the restricted informa- 
tion from population studies in animals which “vary 
according to strain, sex, laboratory conditions and 
numerous other factors. The number of animals, too, 
is usually too small to provide good curves’’*?. 

When cancer mortality is plotted against age in the 
logarithmic graph it is found that a straight-line 
relationship is sustained at a higher intensity and the 
Gompertz function is applicable*.’.2?-*5. At any age, 
therefore, the cancer mortality is a function of total 
mortality, and the exponential processes are in 
equilibrium®. 

The gradient of the exponential graph for total 
mortality shows a doubling rate each 7-8-5 years, a 
specific character of the human species and therefore 
genetically determined. Strong genetic influences 
consequently subtend the genesis, evolution and 
consummation of human cancer. The number of 
eancer deaths in these surveys exceeds 15 millions, 
and it is accordingly difficult to understand why 
these telling facts do not dominate all cancer 
research. 

With the possible exception of leukemia, the 
straight-line behaviour of the cancerous sub-popula- 
tion relative to the Gompertz function is incompatible 
with the virus theory of cancer®®. This casts some 
doubt on Stanley’s zealous asseveration—‘it is 
difficult to escape the conclusion that viruses may 
be the etiological agent for most, if not all, cancer, 
including cancer in man, and represents by far the 
most intellectually satisfying hypothesis consistent 
with the presently known facts’’**. The function 
emphasizes the genetic relationships of human cancer 
and creates considerable difficulties for any hypothesis 
based on exogenous carcinogenesis. 


The Pathological Equilibrium 


Each Mendelian population in man manifests its 
own disease-pattern, and some of the component 
diseases obey the Gompertz function. The pattern 
appears to be determined early in life’, and accordingly 
has strong genetic affinities. Cardiovascular degenera- 
tion is so widely encountered in clinical experience 
that it is regarded as an ‘average’ disease within this 
pattern. 

The process of neoplasia produces benign lesions 
(such as nevi, universal in whites), border-line 
lesions (which may behave in either a benign or a 
malignant fashion), ‘silent’ and ‘histological’ lesions 


discovered post-mortem or microscopically, and 
finally malignant lesions distinguished for their 
lethality. Moreover, certain diatheses (diabetes 
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mellitus) are associated with a higher cancer incidence. 
Cancer, too, is a complication of certain components 
of the disease-pattern (gastric ulcer, ulcerative colitis, 
achlorhydria, megalocytic anzmia, etc.). ‘Silent’ 
or histological cancers are being reported with 
increasing frequency, especially in the thyroid, 
bronchus and prostate. In the last-named instance 
it is asserted that ‘histological cancer’ can be demon- 
strated in more than half of all patients dying after 
eighty years of age. 

While neoplasia therefore is an ‘average’ disease 
of the population, cancer is not. Moreover, 
Hardin Jones* finds that total disease and cancer 
incidence are interrelated, and he emphasizes the 
narrow margin of variation in the “threshold of 
manifestation’”’ (Law) of cancer compared with the 
wide margin in ‘average’ diseases. The intensity of 
the age-specific mortality of cancer equals that of the 
senile population of more than seventy years of age. 
From these points of view it is evident that the can- 
cerous sub-populations of the various races resemble 
each other more than their parent populations®, and 
the behaviour of these sub-populations is comparable 
with that of a new biological species*’. 

Despite the manifold sources from which the 
cancerous sub-population may be recruited, it is a 
remarkable fact that the cancer mortality in any 
population is predictable, fairly constant and varies 
within narrow limits. Reference to the year-books of 
the various nations (and since 1952 to the ‘“‘Demo- 
graphic Year Book” of the United Nations) will 
reveal that the cancerous sub-population is a fairly 
constant proportion of the parent population. 
Deaths from cancer vary between 0-03 and 0-3 per 
cent, the higher rates being encountered where superior 
public health services prevail. In this regard the 
Commonwealth Statistician records** that in Aus- 
tralia “‘there has been no increase in cancer mortality 
since 1921 and in some age groups it has actually 
declined”’. Soper*® refers to a similar state in Switzer- 
land. The manner in which this constant and dis- 
tinetive biological group of lethal cancers is ‘selected’ 
from the neoplastic spectrum and disease-pattern of 
the parent race, strongly suggests Darwinian natural 
selection, operating in a Mendelian population. 


The Ontogenetic Equilibrium 


The paucity of induced tumours available for 
experimental study is in some contrast with the 
bewildering array and variable frequencies of human 
cancers. Moreover, subtle nuances of malignancy are 
encountered varying from ‘histological’ cancer with 
metastases but benign behaviour (papillary cystadeno- 
carcinoma of the thyroid gland) to lethal malignancy 
without a detectable primary (melanoma malignum) 
or without metastases (glioblastoma multiforme). 
Willis" holds the view that this protean character of 
cancer demolishes the theory of somatic mutation. 
It is likely, too, that failure to appreciate these aspects 
of clinical cancer may explain the tendency in the 
scientific literature to regard cancer as a generic 
disease differing from the normal only in a single 
enzymic or other biochemical aberration and eradic- 
able by a single chemotherapeutic nostrum. 

Nevertheless, apart from occasional morphological 
and behaviouristic difficulties, the basis of orderly 
taxonomy in histopathology is genetic (histo- 
genesis)", 

Human cancers do not occur uniformly in equal 
numbers and similar types during each year of the 
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life-span. Some cancers are very frequent, others 
rare. In populations under the action of natural 
selection, organisms tend to cluster about mean values 
for all characters’*. A similar phenomenon is dis- 
cerned as a peak incidence of various groups of cancer 
at certain ages. When such a chart is prepared 
(Fig. 1) it is apparent that the physiological epochs 
(childhood, adolescence, maturity, menopause, senes- 
cence and especially puberty) are also involved in 
these incidences. Thus the “threshold of cance: 
manifestation” may be related to the “‘ontogenetic 
differentiation”’** of the host. 

The racial phenotype is the distinctive characteristi: 
of Mendelian populations in man and is profoundly 
influenced by both hereditary and environmental! 
(including cultural) factors. In the same fashion, 
the physiological development of the host modified 
by environment appears to modulate the clinical 
presentation of human cancers, and considerable 
racial variations are observed. 

Thus, heredity manifests itself in hereditary cancers, 
‘cancer families’, cancer diatheses, and certain patho- 
logical symbioses (such as the association of stomach 
cancer with achlorhydria, megalocytic anzmia, 
certain blood groups, and a genodermatosis, acantho- 
sis nigricans). Cancer afflicts the sexes equally, and 
sex has a profound effect not only on the cancer of the 
reproductive organs but also in an unexplained 
fashion on certain somatic cancers (bronchogenic 
carcinoma, pharyngeal cancer). On the other hand, 
monozygotic twins do not manifest total concordance, 
just as the frequency of similarity is not identical in 
mono- and dizygotic twins (Gorer and Oliver*’). 
Migrant studies, too, confirm this blending of heredi- 
tary and environmental factors. These studies (for 
example, the African Negro in the Americas), while 
never conclusive, suggest that cancers of the parent 
population first predominate, being supplanted in 
succeeding generations by indigenous cancers, and 
do not recur (a Lamarckian twist). 

In 1927, the Registrar-General of the United 
Kingdom" reported the relationship of various 
cancers to occupation and social stratum and 
similar studies have since incorporated geographical, 
edaphic, social (marriage, housing, diet, etc.), and 
personal (obesity, hygiene, pregnancy, etc.) in- 
fluences. 

Another aspect of human cancer emphasized by the 
peak incidences is that the clinical appearance of the 
cancer is an index of the duration of the latent period. 
It will be noted that certain cancers do not appear in 
certain decades (for example, carcinomata of the 
stomach, colon, and rectum never appear before the 
tenth year, those of the breast and pancreas never 
before the twentieth year, and those of the prostate, 
gall-bladder and mouth rarely before the thirtieth 
year)'*. The ‘scatter’ of the age incidence is less 
marked too at the extremes of life (in childhood, 
the nephroblastoma, neuroblastoma, embryoma and 
leukemia, and in the aged, cesophageal and prostatic 
cancer). The cancers of these latter epochs are 
characteristic exanthems. It appears, therefore, that 
the latent period is a fairly stable cycle in human 
cancer. This suggestion is supported by Strong's” 
studies in mouse populations on the compensatory 
responses evoked by fluctuations in the maternal age, 
litter size and latent period. So stable is the latter 
characteristic that homceostasis was only restored to 
the biological equilibrium by the development of new 
cancers in different organs, the total cancer incidence 
remaining constant. 
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PEAK-— INCIDENCE OF CANCERS 


AT VARIOUS AGE PERIODS AND IN RELATION TO LIFE EPOCHS 
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tance to the clinician and to the 
research worker, who believes with 
Homburger that ‘“‘at the core of 
the cancer problem is the patient 


MAINLY MAINLY afflicted with the disease’. It is 
SARCOMAS CARCINOMAS the clinico-pathological equilibrium 
known as ‘latency’ or ‘dormancy’. 
epeninetitiiaben eunenie In most cases the appearance 
MIELOND LEURAMINA LEUKAEMIA of a cancer is a prelude to a 
GLIOMA (FOREBRAIN) LYMPHOSARCOMA “ » a ~ 

continuously disturbed equilibrium 
Pen in favour of the cancer until the 
One SARCOMA TESTICULAR oame host dies. This is not always 

GLIOMA (HINDBRAIN) VAGINA em 
a COLON the case. Rarely the equilibrium 

cont MATUR)» + *. bac." igs disturbed in favour of the host 
Kg 33 2 a") +e and the tumour spontaneously re- 
- Ss, = % Cfsormacus ~— gresses or disappears (notably mel- 

UTERUS s . . 

SARCOMATA 0, ra t, & Y ssostare anoma malignum, retinoblastoma, 
NEUROBLASTOMA Rp, eo @e ., rohions Sentnnanel ‘ 
nnaeenneemnh - 2 A * neuroblastoma, choriocarcinome 
ac aaa z 4 9 t testis, myosarcoma uteri and cer- 

oe, ae tain angiomata and hepatomata). 
Zz YEARS " + 
™ Quite frequently encountered is 


Fig. 1. Peak incidences of human cancers charted against age and physiological epochs 
* and Harnett’s “Cancer 


(data from Potter’s “Pathology of the Foetus and Newborn’ 
Survey of London’’) 


In this equilibrium between the ontogeny of the 
host and the manifestation and behaviour of human 
cancer, an oncological paraphrase of Loeb’s law** 
may be discerned: ‘“‘the human organism, its con- 
stituent parts and their associated cancers each has 


” 


its own characteristic time-curve’’. 


The Oncological Equilibrium 


An equilibrium of the fourth order exists among the 
cancers themselves. Mendelian populations under the 
action of natural selection compensate extreme 
deviations of one trait with some form of deviation 
of another!*,*4. The cancers themselves behave in 
this fashion, and the equilibrium is of considerable 
epidemiological and demographic interest. If fluctua- 
tions occur in the frequency of certain cancers, 
homeostasis is then achieved by compensatory 
fluctuations in the frequency of other cancers. 

It is now twenty years since Cramer* published 
his law: “There appears to be a general law, that 
when in a given population the incidence of cancer 
in any one particular organ is markedly increased 
when compared with another, there is then a compen- 
satory decrease in the incidence in a number of other 
organs’’. 

In 1909, the Registrar-General of the United 
Kingdom directed attention to the catastrophic 
increase in males, since 1870, of cancer of the tongue 
(228 per cent). Contemporary clinical opinion held 
that unless radical measures to curtail tobacco 
smoking were enforced, a further increase among 
males and females could be expected to reach a 
maximum by 1950**. Of course, despite increased 
tobacco consumption, the incidence of tongue cancer 
is now halved. To-day, clinicians are deeply con- 
cerned with the avalanche of bronchogenic carcinoma 
in males and tobacco is again under criticism. Case*’ 
has used cohort analysis to show that in the United 
Kingdom, coincident with this marked increase in 
lung cancer, a compensatory fall in several other 
cancers (especially oropharyngeal) has occurred. 


The Clinical Equilibrium 


This equilibrium is a further manifestation of tho 
cancer-host relationship. It is of paramount impor- 





an equilibrium of considerable 
stability. Every clinician is fam- 
iliar with the patient who, having 
had a cancer of a certain organ 
(often the breast) removed one or more decades 
previously, now has a metastasis in a remote 
organ. Periods of 10-30 years are far from un- 
common. Many observers have reported the cir- 
cumstances which may suddenly upset this latter 
equilibrium, to result in cancerous recrudescence and 
death. Thus surgical operations, pregnancy, illness 
and accidents** are all known to be involved. Many 
forms of therapy in autonomous cancer achieve 
temporary benefit until homeeostasis invalidates 
them. However, the symptomless state of latency is 
obviously a therapeutic goal. 

This equilibrium also presents certain distinctive 
human features having no counterpart in experimental 
oncology. This difference relates to the decay of the 
afflicted sub-population. In animal studies the death- 
rate augments as the disease progresses and cancerous 
tissue preponderates in the body mass. The human 
patient may perish, however, with a relatively small 
tumour from metastatic, mechanical, or metabolic 
complications. The mode of decay here shows a 
straight-line relationship between the logarithmic 
scale of survival and the linear measure of time- 
duration of the disease. “It is a remarkable fact 
that the death-rate for all kinds of human cancer 
remains nearly fixed from the moment when the 
cancer is identified’’®. Consequently, the termination 
of human cancer is no fortuitous affair but the orderly 
decay of a biological process from “‘unperceived hostile 
agencies’. 


Biology of Human Cancer 


Cancer is usually represented as an anarchic and 
disorderly process, but Darwinian and Mendelian 
regulation permeates its biology and the Gompertz 
function is its commandment. Intricate biological 
equilibria, rising to the fifth order, ensure its specific 
integrity, the ratio and longevity of its constituent 
lesions, its inexorable autonomy and _ constant, 
lethality. . 

Heterogeneity is the vital elixir of Mendelian 
populations under the action of natural selection. 
Cancer is the lethal element in the neoplastic com- 
ponent of the disease-pattern, and consequently is an 
appanage of that heterogeneity. 
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From these points of view, the cancerous patient 
is a phenodeviant in antagonistic symbiosis with a 
lethal parasite. This processional system emerges 
from the anlagen of the embryo, and after a variable 
latent period crosses the thresholds of manifestation 
and autonomy to encompass the death of the host. 
Throughout its course the cancer is embedded in a 
reticulum of biological equilibria, genetic and 
environmental pressures, and homeostatic reactions. 
The resultant of these forces determines the number, 
site, nature and behaviour of the lesions. 

It is apparent that experimental and clinical cancer 
are not identical diseases. The principal divarication 
between the oncological disciplines pertains to carcino- 
genesis. The genesis of experimental cancer is mainly 
exogenous and mutagenic, and a ‘cause’ is specified. 
Human cancer, on the other hand, arises in a complex 
genetic phenomenon and evolves with the ontogeny 
of the host. No ‘cause’ can be postulated until the 
physiology of gene action and of normal ontogeny 
have been reduced to precise physicochemical terms 
(Lerner). 

The “Novum Organum”’ (LX XX1) lays it down that 
“it is not possible to run a course aright when the 
goal itself has not been rightly placed’”’. The preven- 
tion of human cancer is probably eugenic, but neither 
science nor society can yet confront and assimilate 
this proposal. The goals in contemporary clinical 
oncology are therefore readily defined if the present 
cure-rate is to be augmented. First, to devise a test 
which will distinguish the cancerous sub-population 
and permit the cure of their precancerous and can- 
cerous lesions before autonomy supervenes. Second, 
to reduce ineradicable autoncmous cancer to ‘latency’. 

These proposals demand novel studies in human 
metabolism ; but there is some evidence to show 
that they are now within the ambit of modern scienti- 
fic techniques. Success in this ambition would sup- 
press this genius ater which pervades society and rob 
cancer of its terrors. 
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A FORERUNNER OF TWENTIETH CENTURY PHYSICS 


A RE-VIEW OF LARMOR’S “‘AETHER AND MATTER” 


By LANCELOT 


N 1900 there appeared a work which, though little 

read to-day, is of considerable retrospective inter- 
est, for it records the ideas of a brilliant theoretical 
physicist immediately prior to Planck’s discovery 
of the quantum constant and Einstein’s formulation 
of the special theory of relativity. 

“Aether and Matter’’, by Joseph Larmor, F.R.S. 
(1857-1942, later Sir Joseph Larmor, member of 
Parliament, Lucasian professor of mathematics at 
Cambridge, 1903-32) was issued by the Cambridge 
University Press as an Adams Prize Essay. A thou- 
sand copies were printed, which were sold by 1912. 
It has never been re-printed or translated, and is now 
rare; I purchased a damaged copy in 1921 for 


3s. 6d. and another in 1953 for £1 10s. 0d. The most 
important references to the book are in the original 
reviews, the obituary notices at Larmor’s death in 
1942, and Whittaker’s ‘‘History of the Theories of 
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Aether and Electricity’’ (2 vols. 1951, 1953), where 
there are twenty-six references to Larmor, including 
six to “Aether and Matter’’. 

The full title of the book reads: ‘Aether and 
Matter, a Development of the Dynamical Relations 
of the Aether to Material Systems on the Basis of the 
Atomic Constitution of Matter, including a Discussion 
of the Influence of the Earth’s Motion on Optical 
Phenomena”. The book is a study of the relations 
of micro-discontinuity to macro-continuity, of atomic 
matter to the electromagnetic aether, on a classical 
pre-1900 basis. The text was written by 1898, 
but parts of it had already been published in the 
Phil. Trans. Roy. Soc. and elsewhere between 1894 
and 1897. Thus the ideas expressed in it were formu- 
lated some years before the decisive discoveries which 
opened the quantum and relativity physics of our 
century. ‘“‘Aether and Matter’’ expresses the point 
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of view of an able mind taking advantage of the facts 
and theories as at 1894/98. 
It is not surprising that Larmor’s book has been 


forgotten. Though Larmor was a profound thinker, 
he never achieved any outstanding basic result and 
his work had relatively little influence on the advance 
of fundamental theory. Much of what was most 
useful in “‘Aether and Matter” (the ‘Larmor rotation’, 
and other contributions to electron theory) had 
already been published elsewhere, and by 1905 it 
was largely out of date, owing to the work of Lorentz, 
Planck and Einstein. Moreover, Larmor’s careful 
study of the historical development of his subject, 
leaving none of its difficulties concealed, makes heavy 
reading for those who have benefited by the clarifica- 
tions achieved since. Even the best minds have found 
“Aether and Matter’ indigestible; though Bohr 
took from it the ‘Larmor rotation’, which he made 
famous by applying it to quantized electron 
orbits'. 

None the less, parts of the book are fascinating, 
for both historical and contemporary reasons. First, 
he gives a masterly analysis of the history of ideas* 
relating atomic matter to the macroscopic electric 
continuum ; and secondly, he shows (though he did 
not know this himself) how far his mind could reach 
out towards issues which are still obscure sixty years 
later, on the basis of the facts and theories of 1898 
daringly interpreted in terms of fundamental physical 
ideas. This second aspect is the one with which I 
am here concerned : ‘“‘Aether and Matter’’ as evidence 
that a perceptive application of basic ideas can point 
beyond established theories. 

There is no need to describe the facts and theories 
of 1898. The fundamental ideas which Larmor 
employed in interpreting them can conveniently be 
expressed in five antitheses: atomic discontinuity/ 
macroscopic continuity, matter/electricity, scale- 
fixed molecules/scale-free similarity in the macro- 
realm, chiral /non-chiral phenomena, and reversibility/ 
irreversibility. By using these ideas to analyse the 
physics of the time, Larmor was led to identify the 
following issues, and to make comments on them 
which are still valid: the need for a characteristic 
length providing definiteness of scale in atomic 
theory ; the existence of pure numbers of importance 
for fundamental theory ; the role of chiral properties ; 
the compatibility of molecular indeterminacy with 
molar determinacy. 

It is the fact that Larmor could use basic principles 
to see so far ahead that has led me back to “‘Aether 
and Matter’’ many times during the thirty years 
since these same pure numbers and the presence of 
natural lengths in atomic theory began to receive 
widespread attention. For while in 1960 we tend to 
consider these issues in terms of the characteristic 
discoveries of the twentieth century (Planck’s con- 
stant, relativistic invariance, quantized fields, new 
particles, etc.) in 1900 Larmor reached them from 
very general considerations, which in some sense may 
lie deeper. Thus something can be learnt from his 
achievement in recognizing the importance of these 
four issues. 

I will now consider each of them in turn. 


Need for Definiteness of Scale 


Larmor was the first*, known to me, to enunciate 
(pp. 189/193) the principle that to account for the 
definiteness of scale of material bodies and of their 
radiations atomic theory must contain at least one 
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constant with the dimensions of a length, or the 
equivalent. These are not his words, but they express 
his idea. (Eddington, in his ‘““Fundamental Theory”’, 
1946, p. 16, called such systems ‘scale-fixed’, as against 
the scale-free systems lacking any such length.) 
Larmor regarded this necessity for scale-fixed atomic 
expressions as one aspect of the more general problem 
of reconciling the discreteness of material structure 
with the continuity of fields, which was the main 
theme of his book. For convenience I shall call the 
above recognition ‘Larmor’s principle’. 

He used the method of dynamical similarity to 
show that the use of point electrons and electric 
actions depending only on e?/m (for example, not on 
velocities) led to a ‘“‘deficiency of definite scale’, 
any steady system of such electrons being alterable 
to any other linear scale, in accordance with the 
similarity property of all scale-free systems*. But 
“this indefiniteness of linear scale in a material body 
cannot exist”’. Larmor reasoned that this indefinite- 
ness might be eliminated in various ways, by introduc- 
ing into the laws (a) a finite size of the electron ; 
(6) other residual terms important at small distances ; 
or (c) actions dependent on electron velocities—all 
of which methods are now in use in relativistic 
theories, though they may not be directly relevant 
to the structure of material bodies. 

He did not anticipate the main scale-fixing method 
which proved necessary: the introduction of a new 
constant h, representing discreteness of action or 
angular momentum, which yielded two classes of 
scale-fixing constants: (a) in’ combination with 
(k.T) and c, a statistically unique wave-length 2,,, 
which is a function of the temperature, through the 
use of the dimensionless group (hc/Ak.T'); and (b) 
in combination with e*, m and c, a series of basic 
lengths, defining (with numerical factors) the scale 
of atoms, molecules, and characteristic optical and 
other wave-lengths. 

Yet the fact that Larmor did not anticipate the 
dimensions of the necessary constant does not lessen 
the interest of his principle that a scale-fixing constant 
absent in 1898 is indispensable. For both relativity 
theory (by employing combinations with c, for 
example, e*/mc*) and quantum theory (by introducing 
h and powers of the fine-structure constant) have 
‘incidentally’—as we may think—achieved precisely 
what Larmor asserted was necessary‘. Both theories 
introduced scale-fixing natural lengths into funda- 
mental theory, and all the empirical data by which 
these theories are supported represent scale-fixed 
phenomena. All the quantum and the relativistic 
modifications of classical theories are necessarily 
scale-fixed, since by combining either h or c with the 
‘classical’ constants GM, e, m, natural lengths are 
introduced into the laws. 

Thus in a special, but instructive sense, Larmor 
might be called the unconscious father of twentieth- 
century physics. For Larmor did not know in what 
manner his principle would be satisfied, nor apparently 
did either Planck or Einstein know (for they never 
referred to this interesting fact) that the two theories 
they had initiated both satisfied a single principle 
formulated by Larmor: that fundamental theory 
must be scale-fixed. Indeed, twentieth-century 


* The following notation is used: e, electron charge; m, electron 
mass; M, proton mass; ¢, velocity of light; A, Planck’s constant; 
G, gravitational constant; AK, Boltzmann’s constant ; T, absolute 
temperature. Also Ve, characteristic electron velocities in atoms ; 
l,, diameter of any atom or molecule; 4, wave-length of any char- 
acteristic optical radiation ; 4m, wave-length of the maximum in the 
black-body radiation law; a, fine-structure constant. 
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‘out-Larmor-ed Larmor’. He said: 
introduce a scale-fixing length. Physics has done this 
not once, but many times: by discovering h, by 
employing relativistic corrections, and finally by 
discovering particles to which a series of theoretically 
arbitrary masses have to be ascribed in order to fix 
the linear scale of their respective fields and orbits. 
So the question arises: Why does contemporary 
fundamental theory employ not merely the one 
length that is necessary but very many, the ratios 
of which are (a) powers of the fine-structure constant, 
and (b) the pure numbers relating the mass spectrum 
of the elementary particles ? This leads us to the next 
point. 


physics has 


Fundamental Pure Numbers 


It has been clear to most, from Newton onwards, 
that physics is primarily concerned with numerical 
ratios, and Larmor’s interest in the dimensional 
aspects of fundamental theory, including the known 
existence of certain universal constants (e*, m, c, @) 
and the suspected existence of others (mass of positive 
particle, characteristic electron velocities in atoms), 
led him to a remarkable achievement : the identifica- 
tion of what are to-day recognized as functions of 
three fundamental pure numbers: (1) the fine- 
structure constant; (2) the ratio electron/proton 
mass; (3) the ratio gravitational/electric actions. 

Larmor did not, of course, anticipate all the funda- 
mental pure numbers now known, such as those of 
the particle mass spectrum, the ratios of the lives of 
the particles discovered since 1932, or those arising in 
nuclear and high-energy systems. But he identified, 
and used in arguments which are still valid, functions 
of the above three numbers ten years before Einstein 
(1909) directed attention to the importance of the 
dimensionless group e*/hc, and twenty-five years 
before many workers—Eddington, Dirac, Milne, 
Jordan, and others—took up the study of these 
fundamental empirical numbers (1925 onwards). 
This achievement deserves attention, not only for the 
sake of justice and the historical record, but also 
because of the challenging question which arises in 
one case : How could Larmor identify an expression 
of the fine-structure constant before h was dis- 


covered ? 


The Fine-Structure Constant 


At any time from 1817 onwards, when Thomas 
Young had made observational estimates of both 
magnitudes, it was possible for a physicist to meditate 
on the ratio of the wave-lengths of the radiation 
from material systems to the diameters of the 
‘molecules’ of which they were composed. For 
example, Cauchy suggested that the order of magni- 
tude of the sizes of ‘molecules’ might be inferred from 
dispersion properties, but this proved wrong. After 
1880, when the conception of electrical particles was 
being established and the empirical data were more 
reliable, increasing attention was paid to this ratio’. 
But Larmor was probably the first to consider it in 
the light of dimensional arguments applied to the 
theory of electrons moving in an electromagnetic 
continuum. 

Larmor stated (p. 233) that “the very striking fact 
that the wave-lengths of free radiant vibrations of 
molecules [in which he includes atoms] are such large 
multiples of their diameters has always invited 
. On the dynamical conception here 


explanation. 
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employed [radiation from rapidly moving electrons], 
it involves that the orbital velocities of the electrons 
are about of the same order of smallness, exceeding 
10-*, compared with the velocity of radiation, as are 
the molecular dimensions compared with the wave- 
lengths”. Or; 
Velo = I,/a 
the 


which corresponds to mechanical! 


relation : 


quantum 


A. V,Je = B .h®/4n*me*  _ - 
C . h8c/8x*me* 

where A, B, C, are numerical factors which ar 

functions of quantum numbers. 

Thus Larmor correctly recognized the existence of 
a fundamental pure number, involved in electronic 
systems, which (with small numerical factors) must 
determine the ratios both of characteristic lengths 
and of characteristic velocities. The experimental! 
facts led him to estimate this geometrical and kine- 
matic ratio as of the order of 10-°. Moreover, he 
gave the correct reason why V,/c must be small, 
since “the energy of orbital groups moving with 
greater speeds would be through time sensibly 
dissipated through radiation, so that such groups 
could not be permanent”. In fact, condensing 
Bohr’s statement in 1932, the concept of stationary 
states only works because « < 1, and the transition 
coefficients therefore small enough to be negligible 
in @ first approximation. 

Elsewhere (p. 346), Larmor argues that the internal 
energy function of the atom may be separated from 
the energy of the radiation, “for a disturbance in the 
aether can travel over about 10* diameters of the 
molecule during the period of a single vibration’’. 

The radiative model on which Larmor based this 
analysis was that of systems of orbital negative 
electrons the net radiation of which was determined 
by the total resultant electric polarity of the atom. 
Though this model has been discarded, the dimen- 
sional relations underlying Larmor’s argument remain 
valid. We call the above ratio the ‘fine-structure 
constant’ for reasons connected with relativistic 
dynamics, but from another point of view the associa- 
tions of this name may be misleading. For Larmor’s 
argument emphasizes that « may be regarded as a 
geometrical and kinematic ratio, a ratio of lengths 
and of velocities, into which mass enters only second- 
arily when it is necessary to compare radiative 
(electron and photon) processes with nuclear and 
other particle processes. Larmor’s model gave the 
correct dimensional relations, but no model is yet 
known which can account for the empirical value of 
this ratio. While Larmor’s principle asserts that a 
natural length is necessary in atomic theory, it does 
not explain why one is not sufficient. 

My conclusion is that it was possible for Larmor 
to identify the fine-structure constant before h was 
discovered because this constant has geometrical 
and kinematic, as well as dynamical, consequences. 
This suggests the possibility that @ geometrical and 
kinematic interpretation of the constant may one day 
help to throw light on its origin and value. 


Ratio Electron/Proton Mass 


In a discussion of the Zeeman effect (p. 341) 
Larmor first assumes, for simplicity, that e/m has 
the same constant value for all the electrical particles 
involved, and then shows that approximately the 
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same result will be obtained if there are additional 
particles for which e/m is small in comparison with the 
value for all the others. “We may for example 
suppose the charges to be the same for all the ions, 
and the effective masses of the positive ones to be 
large compared with those of the negative ones... 
the velocities of the positive ones will be the smaller, 
inversely as the ratio of their masses.” 

During the 1890's values for e/m were becoming 
available from various sources, first indirectly and in 
1897 from direct measurements ; e had been estim- 
ated from 1870 onwards ; and the masses of atoms 
had been determined from 1875 onwards. Thus it was 
natural during the 1890’s to infer that positive charges 
were associated with much larger masses than that 
of the negative electron. But it seems that Larmor 
was one of the first to develop dimensional arguments 
employing the ratio electron/proton mass. Indeed, 
he formulated the conditions under which the motions 
of heavier particles can be neglected relatively to 
those of electrons; for example, in calculations 
of the Zeeman effect, in which the influence of the 
magnetic field is treated as equivalent to a uniform 
(‘Larmor’) rotation of the system. 
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The Ratio Gravitational/Electric Actions 


Larmor was interested in the weakness of gravita- 
tional relative to electrical actions and in the bearing 
of this on the problem of a unified theory of the two 
realms. In this connexion he posed the question, 
“Are the linear equations of the Aether exact ?”’ 
(p. 186). Clerk Maxwell’s equations are linear, indeed 
“they must be so if all kinds of radiations are to travel 
with the same speed in the celestial spaces”. But 
Larmor noted that the theory of the propagation of 
sound involves the neglect of terms (normally unob- 
servable) of the order of the square of the ratio 
molecular velocities/velocity of sound. He therefore 
asked: ‘‘Why then should not relatively minute 
phenomena like gravitation be involved in similar 
non-linear terms, or terms involving differentials of 
higher orders . . . which are as insignificant compared 
with the main ( ) linear terms as is the gravita- 
tion between two electric systems compared with 
their ( ) electric forces ?” 

He considers the difficulties in this assumption, and 
suggests that the smallness of the optical dispersion 
that would arise from such non-homogeneity of the 
aether “may be estimated by comparing the electric 
force between two ions with their gravitational 
attraction”. Larmor’s conclusion, on the basis of 
the facts available to him, was that “there is little 
to be urged in favour of leaving this loophole for 
the explanation of gravitation”. This in conformity 
with doubts that he and others (for example, A. N. 
Whitehead) felt as to whether a heterogeneous con- 
tinuum, without severe restrictive conditions, can 
provide a sufficiently stable basis for a theory of 
systematic measurements, that is, for the observed 
quantitative consistency between phenomena separ- 
ated in space and time. 

However that may be, we are to-day no more 
certain than Larmor was whether or not electrical 
actions correspond to the main terms and gravitational 
to residual ones in a non-linear field. 


Chiral Properties 
In a section “On Dynamical and Material Sym- 
metry” (p. 140) Larmor considers the invariance 
properties of electrical systems under two transforma- 
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tions: time reversal, or the substitution of — ¢ for 
+ t, and mirror reflexion, or the substitution of —a# 
for + x; invariance under changes of linear scale is 


treated elsewhere (pp. 176, 189). He is particularly 
interested in chiral*® properties, and discusses these in 
several contexts (pp. 27, 142, 208). 

Larmor enters into a detailed analysis of the in- 
fluence of motion relatively to the aether on chiral 
properties, and discusses the connexions between 
chirality, reflexion, sign of electric charge, magnetic 
fields, and optical rotation properties. Part of his 
argument was challenged at the time, and it is now 
largely superseded. 

Yet even here Larmor’s insight is remarkable. 
One example (p. 27) will suffice : ‘The duality arising 
from the assumption of two kinds of electrons, only 
differing chirally so that one is the reflexion of the 
other in a plane mirror, will present nothing strange 
to those physicists who regard with equanimity even 
the hypothesis of the possible existence of both 
positive and negative matter’. This was written in 
1898. 


Atomic Indeterminacy 

Larmor divided physics into two related realms : 
(i) the fundamental ‘molecular’ phenomena (now 
called ‘atomic’) largely obscure to him, where dis- 
creteness plays a basic role ; and (ii) the ‘mechanical’ 
phenomena of the macroscopic smoothed-out averages 
of electromagnetic actions in the aether. He believed 
(at least until 1898) that the true connexion of the 
two realms would be discovered by interpreting 
fundamental electrical particles as knots, foci, or 
small regions of strain in the aether. Though this 
model for particles may seem naive to-day, his clarity 
regarding the logical and mathematical inter-relations 
of micro- and macro-phenomena is_ impressive. 
Throughout the book his main concern is the nature 
of the relation of discrete actual distributions (mainly 
electric particles) to continuous macroscopic and 
directly observable actions (mainly the effects of 
currents and fields). 

An eloquent passage (p. 272) describes the advance 
of physics from the macro- to the micro-realm “‘by 
the gradual reclamation of an empirical fringe 
surrounding the settled domain of the science’’. 
One cannot help thinking of Bohr’s Correspondence 
Principle as one reads: ‘Here progress has been 
effected mainly by transferring to the molecule, 
considered as itself a material system [that is, for 
Lamor, atomic], dynamical ideas the same as or 
analogous to those that hold good in the mechanics 
of sensibly continuous bodies”. He was aware of the 
contemporary ignorance regarding the atomic realm, 
and believed that the progress that was being made 
was only possible because the individual molecule is 
‘“‘a nucleus in that universal aethereal plenum that is 
the transmitter of half our impressions” and there- 
fore must in some degree conform to laws based 
directly on macroscopic observation. 

Yet “there can be an unlimited amount of molecular 
structure and function in a given system, which is 
unconnected with any mechanical effect occurring 
in that system treated as continuous matter’ (p. 287). 
‘Mechanical determinateness thus need not involve 
molecular determinateness’’. 


Conclusion 


By the time “Aether and Matter’? was in print, 


Larmor had overcome the tendency to demand 
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mechanical models of the aether (medium with 
rotational elasticity, vortex rings, wheels with bands, 
etc.) which had been prevalent between 1860 and 
1890. Whittaker? considered that it was “chiefly 
under the influence of Larmor [that] it came generally 
to be recognized that the aether is an immaterial 
medium sui generis, not composed of identifiable 
elements having definite locations in absolute 
space’. 

Larmor’s contributions to electro-magnetic and 
electron theory are fully reported in Whittaker’s 
“History”. Here I have been concerned with a 
different task : to show that Larmor saw far beyond 
the typical problems of 1900 to issues that are still 
unresolved. This was possible, I believe, because a 
radical theoretical analysis, applied with judgment, 
can sometimes lead beyond contemporary theories 
and help to open up new problems the solution of 
which may lie well ahead. 

Certainly the main theme of Larmor’s book, the 
relation of basic discreteness to macroscopic con- 
tinuity, is far from exhausted to-day. There is no 
golden rule for discovering the new ideas which will 
prove fertile in relation to this problem, for example, 
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in nuclear processes. But there is a rational method 
of preparing the ground : to analyse the known facts, 
and the hitherto successful theories, with as little 
prejudice as possible in terms of basic principles 
which appear worthy of confidence. It would 
be of great value to-day to be able to identify 
issues lying as far ahead as those Larmor recognized 
in 1900. 


* See Bohr, N., Phil. Mag., 27, 506 (1914) (see p. 519). 

*See Larmor’s ““Mathematical and Physical Papers” (2 vols., 1929). 
for several additional historical surveys. 

*I have aiready discussed Larmor’s originality in this respect ; se: 
“On the History of Natural Lengths”, Annals of Science, 10, 20 
(1954). 

‘For an analysis of this characteristic of twentieth century physics 
see Whyte, L. L., Z. Phys., 56, 809 (1929), ‘“‘The Presence of « 
Universal Constant with the Dimensions of a Length”. To 
ensure that I had understood “Larmor’s principle” correctly 
I sent him a copy of this paper. For his reply (Sept. 27, 1929) 
see Brit. J. Phil. Sci., 4, 337 (1954). 

* Particularly after the discovery of A. For references to papers deal- 
ing with it before Bohr, see Bohr, N., Phil. Mag., 28, 1 (1913), 
especially p. 6. 

* Larmor adopts this term from Kelvin (1884). For references and an 
improved definition of ‘chirality’ (not assuming, as Larmor doe~ 
any unique axis or helical properties), see Whyte, L. L., Natur: 
182, 198 (1958). 

? Whittaker, E. T., loc. cit., 1, 303. See also, Larmor, J., Brit. Assoc, 
Reports (1900), p. 618. 
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Dr. Andrew McKellar 


ASTROPHYSICISTS have learned with great regret of 
the death, at the early age of fifty, of a well-known 
and very popular colleague, Dr. Andrew McKellar, 
assistant director of the Dominion Astrophysical 
Observatory, Victoria, B.C. McKellar was first 
brought into contact with astronomy as a summer 
student at the Dominion Astrophysicel Observatory 
about thirty years ago, when he was an undergraduate 
at the University of British Columbia, Vancouver. 
He proceeded from there to the University of Cali- 
fornia, Berkeley, where he gained his Ph.D. and laid 
the foundations of the spectroscopic technique which 
later served him so well. After two years in the 
spectroscopic laboratories of the Massachusetts 
Institute of Technology as a National Research 
Council Fellow, he returned to Victoria, to become 
a@ permanent member of the staff, and spent the 
rest of his life there. 

McKellar was the first to identify molecules in the 
interstellar gas, a matter of great importance for 
problems of interstellar matter, especially in relation 
to the equilibrium between gas and dust. These 
questions are part of larger problems involving the 
formation of stars from interstellar matter, about 
which so much is said and so little understood. 
McKellar’s identification of these molecules was far 
more than an achievement of the obvious; the 
molecules are unsaturated, their bands in the 
conditions of interstellar space are reduced to 
one or two lines only, and these are usually quite 
faint. 

McKellar was also one of the leading authorities 
on molecular bands in stellar spectra. He did a great 
deal of exploratory work in the red and near infra-red, 
discovering and identifying hitherto unrecognized 
bands. His most noteworthy achievement in this 


field, however, was to show that the ratio of abund- 
ance of the carbon isotopes carbon-12 and -13, while 


about 90 in some stars (as on Earth) is about 34 in 
certain R stars, a significant fact for nuclear physicists 
and all who are interested in the origin of the elements. 
While working in the red region he also found that 
some carbon stars contain considerable quantities of 
lithium, an element which is normally present in 
stars only in very small quantities, presumably 
because it is easily destroyed by nuclear processes in 
stellar interiors. . 

Among other work, McKellar made important 
contributions in the rather difficult field of spectro- 
scopy of comets. He was one of the first to aluminize 
a large telescope mirror. He took a leading part in 
the design of spectroscopic equipment at the Dominion 
Astrophysical Observatory. He was also a leader of 
the small group concerned with unusual eclipsing 
binaries such as © Aurigae, 31 Cygni, VV Cephei, 
where a comparatively smal] hot star is eclipsed by 
a large and cool supergiant. Absorption lines due to 
the atmosphere of the cool star appear near the 
beginning and end of eclipse and can be used to study 
the outer structure of the supergiant. Apart from 
the Sun, this is our only fairly direct means of 
exploring a stellar atmosphere. The results suggest 
an irregular field of huge and variable prominences, 
quite unlike the stratified layers of conventional 
theory. 

Perhaps the most important feature of McKellar’s 
work was his ability to obtain significant results 
without burdening astronomical literature with over- 
lengthy papers and irrelevant detail. He himself 
with characteristic modesty attributed this to 
economy of effort imposed by a very long iliness, 
which he knew must eventually prove fatal. His 
many friends will miss ‘““Andy’s’’ quiet humour and 
charm, and will mourn an astronomer who had the 
gift of courage as well as of scientific insight. He 
leaves a widow and a son and daughter. 

R. O. REDMAN 
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Mr. J. P. Mills, C.S.1., C.1LE. 


James Puivie Miixis, who died at his home in 
Sydling St. Nicholas, Dorchester, on May 12, was 
born in 1890. He was the son of James Edward Mills, 
was educated at Winchester and Corpus Christi 
College, Oxford, and entered the Indian Civil Service 
in 1913. He was allotted to Assam, and in 1916 was 
posted to the Naga Hills, where he occupied himself 
at once on an ornithological survey of the district for 
the Bombay Natural History Society, but was soon 
caught up in the ethnographical work which con- 
stituted his major contribution to science. His mono- 
graph on ‘“The Lhota Nagas” was published in 1922, 
and *“‘The Ao Nagas’ followed in 1927. After an 
absence on leave and a term as deputy commissioner 
of Cachar (whence he once wrote to me apropos of 
some controversy with a difficult planter, that he was 
contemplating a monograph on ‘‘Scotsmen and Other 
Hill Tribes of Cachar’’), he returned to the Naga 
Hills as deputy commissioner, and ““‘The Rengma 
Nagas’’ followed ultimately in 1937. Meanwhile, he 
had been appointed honorary director of ethnography 
for Assam (1930), and in 1943 he was appointed 
Advisor to the Governor of Assam for Tribal Areas 
and States, a post which enabled him to gain a very 
considerable knowledge of the hill tribes on both 
frontiers of the province as well as to make practical 
use of his anthropological knowledge and experience. 
Before this period he had been lent to the Bengal 
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Mechanical Engineering at Manchester : 
Prof. H. Wright Baker 
Pror. H. Wricut Baker, head of the Mechanical 
Engineering Department at the Manchester College 
of Science and Technology, will retire this summer. 
Prof. Wright Baker was educated at Liverpool 
College and in the Engineering Department of 
the Faculty of Science, University of Manchester. 
After obtaining his first degree, he joined the War 
Victims Relief Committee and for four years was 
head of its transport department. He afterwards 
went back to his University Department as an 
assistant lecturer, being later promoted to lecturer 
and senior lecturer under the late Prof. A. H. Gibson. 
For his extensive researches into piston temperatures 
in internal combustion engines, he was awarded the 
Prof. Baker was appointed to his 
present chair in 1939. During the War, the size of 
his Department grew steadily to cater for thé training 
of Service personnel as well as of undergraduates. 
His Department continued to grow after the War to 
its present large size in accordance with national re- 
quirements ; and its range of research and teaching 
activities broadened. During the past decade his 
interests have been directed towards developing 
workshop technology as a subject worthy of academic 
attention. Metrology was singled out as his par- 
ticular interest, and under his wxgis the Royce 
Laboratory was created and stands as one of the 
finest of its kind in Britain. Prof. Baker’s interest 
in machine tools has led to special emphasis being 
placed on teaching and research in production 
engineering. He is a founder member of the Inter- 
national College of Production Engineering Research. 
Prof. Baker’s publications consist of papers and books 


D.Sc. degree. 
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Government to recommend on the administration of 
the Chittagong Hill Tracts, and after touring there for 
two months, during which he covered some five 
hundred miles mostly on foot, he submitted a most 
discerning analysis of what was wrong with the 
existing condition of affairs and what was needed to 
improve the administration there. 

Mills was made C.1.E. in 1941 and C.S.I. in 1947, 
in which year he retired. In 1948 he was appointed 
reader in the School of Oriental and African Studies, 
from which he retired in 1955. The bibliography of 
the ethnology of Assam which he compiled during 
this period has never been separately published 
though used by other bibliographers. In 1942 he 
was awarded the Rivers Memorial Medal of the Royal 
Anthropological Institute for his ethnographical work 
in the Naga Hills, and during 1951-53 he was the 
president of that society. 

Mills made an admirable colleague in administra- 
tion. Though not of very robust constitution he never 
spared himself, and was always ready to go anywhere 
and tackle anything; and his unfailing fund of 
humour and tolerant good temper endeared him to 
all who came into contact with him, even the wrong- 
doers who suffered at his hands. In Assam it is 
perhaps his many friends in the Ao Naga tribe who 
will most regret the news of his death. 

He married in 1930 Pamela Moira, daughter of 
J. Foster Vesey-FitzGerald, who with two daughters 
survives him. J. H. Hurron 
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on thermodynamics, metrology and education. He 
has successfully pioneered a ‘clearing house’ system 
for students seeking: university places in engineering, 
and his opening of the Bronze Dead Sea Scrolls—a 
matter of courage and considerable technical skill 
is one for which he will long be remembered. 


Prof. W. Johnson 


Mr. WILLIAM JOHNSON has been appointed to the 
chair in mechanical engineering in the Faculty of 
Technology of the University of Manchester, as from 
August 1960. Mr. Johnson was educated at the 
Central Grammar School for Boys and later at the 
College of Technology (as it then was) in the Faculty 
of Technology of the University of Manchester. 
After graduating in mechanical engineering in 1943, 
and having become an undergraduate in that Depart- 
ment a year after Prof. H. Wright Baker became the 
head, Mr. Johnson joined the Army and was after- 
wards commissioned in the R.E.M.E. He served 
until late 1947 in various workshops at home and 
abroad, joining the Home Civil Service as an 
assistant principal in 1948. Also in 1948 he took an 
external degree of the University of London in 
mathematics. In 1950, Mr. Johnson became lec- 
turer in engineering at what was then the Northamp- 
ton Polytechnic, London, and in 1952 he moved to 
the University of Sheffield, where he became 
interested in the theory of plasticity, especially as 
applied to the forming processes. The results of his 
researches appeared in a number of reports to the 
British Iron and Steel Research Association. Mr. 
Johnson was secretary of the Yorkshire Branch of 
the Institution of Mechanical Engineers between 


1953 and 1956, in which year he was appointed 
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senior lecturer in mechanical engineering in the 
Faculty of Science at the University of Manchester. 
His researches during this period in the Faculty of 
Science were extended, but especially he has made 
considerable contributions to knowledge about the 
fundamental mechanics of metal extrusion and 
forging. Mr. Johnson is editor and founder of the 
International Journal of the Mechanical Sciences. 


Botany at Newcastle on Tyne: 
Prof. Meirion Thomas, F.R.S. 


WHEN he retires from the chair of botany at King’s 
College, Newcastle on Tyne, at the end of the present 
session, Prof. Meirion Thomas will have completed 
thirty-six years service in the Botanical Department 
of that institution, first as lecturer during 1924—43, 
then as reader until 1946 when-he was appointed to 
the chair in succession to Prof. J. W. Heslop Harrison. 
After serving in the army throughout the First World 
War, first in the South Wales Borderers, but for most 
of the time with the Royal Engineers, Prof. Thomas 
entered Trinity Hall, Cambridge, where he remained 
until his appointment to the lecturership in Newcastle. 
At Cambridge, he combined the study of biochemistry 
and botany with achievement in the field of sport, 
obtaining his ‘blue’ in association football. Prof. 
Thomas is distinguished for his long series of researches 
in plant metabolism, particularly in regard to the 
respiratory and allied processes in apple fruit and 
succulent plants. Many of his papers have appeared 
in the New Phytologist. He was president of Section 
K (Botany) of the British Association at its Belfast 
Meeting in 1952 where his presidential address was 
a masterly review of our knowledge of such metabolic 
processes in higher plants. Prof. Thomas is also the 
author of a well-known text-book on plant physiology, 
the success of which may be judged from the fact 
that it is now in its fourth edition. His friends will 
wish him a long and happy retirement. He is to be 
succeeded by Prof. J. H. Burnett, professor of botany 
in the University of St. Andrews (see Nature, 176, 
1002 ; 1955). 


Bacteriology at St. Mary's Hospital : 
Prof. R. E. O. Williams 


Dr. R. E. O. WrittaMs, who has been appointed 
to une chair of bacteriology at St. Mary’s Hospital, 
has long maintained an interest in both the scientific 
and the clinical aspects of bacteriology. Dr. Williams 
was educated at Sherborne School and the University 
of London. He obtained a B.Sc. at University College 
in 1937 and read medicine at University College Hos- 
pital, qualifying in 1940. He entered the Emergency 
Medical Service in 1941 and transferred to the 
Medical Research Council Wound Infection Unit in 
1942. In 1946 he joined the Public Health Laboratory 
Service and was appointed director of the Strepto- 
coccal and Staphylococcal Reference Laboratories 
and of the Air Hygiene Unit in 1949. Dr. Williams 
has made a special study of hospital cross-infection, 
and the laboratories in which he has worked and has 
later directed have made notable contributions to 
this field. His name is associated particularly with 
important research into air hygiene and the typing 
of streptococci and staphylococci. In the latter 
context the energetic development of phage typing in 
the epidemiology of staphylococcal infections has 
been of prime importance and owes a great deal to 
him and his group. Dr. Williams has published 


numerous papers on all the facets of bacteriology in 
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which he is interested. He has travelled extensively 
and is well known to scientific colleagues in many 
countries. 


Royal Society Tercentenary Exhibition 

As one of the functions of the Royal Society ter- 
centenary celebrations this year, a conversazione is 
to be held at Burlington House on the evening of 
July 23. There will be on this occasion an exhibition 
in the Diploma Galleries of the Royal Academy of 
Arts, illustrating British scientific achievements 
during recent years. The exhibition will differ some 
what from that usually arranged for a Royal Society 
soirée. There will be fifteen sections, each devoted 
to some field of science in which British contributions 
have been of outstanding importance, and in most 
cases several research centres will be represented in 
each section. The fields which have been selectec 
are: calculating machines; physics of the Earth, 
ocean and atmosphere; exploration by radio ; 
fundamental particles ; solvent extraction of pluto- 
nium; refined chemical separation ; metals ; mole- 
cular structure of biological systems; abnormal! 
hemoglobins and human chromosomes; natura! 
selection ; microbial genetics ; antibiotics ; vitamins ; 
electrophysiology ; physiological and _ biochemica! 
aspects of plant growth. The exhibition will remain 
open from 10.30 a.m. to 6 p.m. from Monday, July 25, 
until Friday, July 29. On Monday, Tuesday anil 
Wednesday, admission will be by ticket only. Schools, 
colleges, scientific societies and professional instit1:- 
tions are being informed of the exhibition and tickets 
will be issued to them. On July 28 and 29 the 
exhibition will be open to the public. 


U.S. Expenditure on Academic Research and 
Development 
A PRELIMINARY report on research and develop- 
ment in colleges and universities in the fiscal year 
1958 issued by the National Science Foundation 
shows that during 1954-58 expenditure on resgarch 
and development in the natural and social sciences at 
colleges and universities in the United States in- 
creased from 409-7 million dollars to 735-8 million 
dollars, in which period Federal expenditure for 
research and development in colleges and universities 
proper increased from 140-7 million to 217-9 million 
dollars. In 1958 expenditure on research and develop- 
ment in colleges and universities proper amounted 
to 327-5 million dollars; agriculture experiment 
stations, including schools of agriculture, to 119-2 
million dollars; and in Federal contract research 
centres, to 289-1 million dollars. At universities 
and colleges proper 74 per cent of this expendi- 
ture was on fundamental research, compared with 
35 per cent at agricultural experiment stations and 
24 per cent at Federal contract research centres. Of 
the total 735-8 million dollars, 186-4 million dollars 
was expended in engineering sciences (26-3 per cent 
on fundamental research); 262-3 million dollars on 
physical sciences (49-5 per cent); 251-5 million 
dollars on biological sciences (61-7 per cent); and 
35-6 million dollars on social sciences (56-9 per cent). 
Of the 327-5 million dollars expended at colleges and 
universities proper, 67 per cent came from the 
Federal Government, 12 per cent from the Institu- 
tion’s own funds, 11 per cent from foundations, 
8 per cent from industry and 2 per cent from other 
sources. Total indirect, or overhead, costs of con- 
ducting current research are estimated at 28 per cent 
of direct costs. 
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June 25, 1960 
Pauli Memorial Room at CERN 


At the suggestion of Mrs. Pauli, the personal 
library of her husband, the late Prof. Wolfgang Pauli, 
has been transferred to the European Organization 
for Nuclear Research (CERN) in Geneva. On June 
14, following one of the meetings of the sixteenth 
session of CERN Council, a brief ceremony marked 
the inauguration of the Pauli Memorial Room, where 
the volumes composing the library of the great 
scientist have been housed. This consists of some 
700 books dealing with literature and philosophy in 
addition to theoretical physics. It also includes sets 
of periodicals and a unique collection of reprints. 
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Mathematics, Education and Industry 

THE successful Oxford conference of 1957 on 
mathematical education and industry was followed 
up in 1959 by a similar conference at Liverpool, 
attended by teachers, research workers and indus- 
trialists (Mathematics, Education and Industry : 
a Record of a Conference of Teachers, Research 
Scientists, and Industrialists, held at the University 
of Liverpool, April 1959. Pp. 156. London: 
Technology, The Times Publishing Co., Ltd., 1960. 
7s. 6d.). The summary of the papers and discussions 
now available ranges over a wide field ; the teacher 
has now been told that while the research worker 
demands a high standard of mathematical technique, 
the needs of industry at the moment are for clear 
thought expressed through a fairly elementary 
technique. On the other hand, the teachers have 
been able to explain to the research workers and to the 
industrialists the limitations under which the school 
teacher of mathematics is obliged to work; in a 
school of moderate size, sixth-form mathematics 
cannot be split into a very large number of groups 
and @ common core of work must be accepted, so 
that special interests cannot be sure of receiving full 
emphasis. One topic which should be further explored 
at a later conference is the place of numerical analysis 
in the school. On the present showing, the research 
workers and industrialists do not seem to be sure 
what they would like the schools to do, and the 
teachers do not seem to have studied available school 
texts which show what can be done. But on the whole 
this pamphlet leaves a very pleasing impression of 
increasing co-operation between the two parties. 


National Museum of Canada 

Since 1957 the annual reports of the National 
Museum of Canada have been discontinued, and an 
administrative report of the Museum appears in the 
annual report of the Department of Northern Affairs 
and National Resources. To provide for the pub- 
lication of short papers, which formerly appeared in 
the annual reports of the Museum, a series of “‘Con- 
tributions” is now issued. These permit of the 
grouping of the papers into the various sciences 
covered by the Museum, and the first three deal with 
anthropology, botany and zoology (Canada: De- 
partment of Northern Affairs and National Resources. 
National Museum of Canada. Bulletin No. 160: 
“Contributions to Botany”, 1958. Pp. iii+148 (3 
plates). 2 dollars. Bulletin No. 162: “Contributions 
to Anthropology”’, 1957. Pp. iii+203 (28 plates). 
2 dollars. Bulletin No. 166: “Contributions to 
Zoology”, 1958. Pp. ii+59. 1 dollar. Ottawa: 
Queen’s Printer, 1959 and 1960). The “Contribu- 
tions’ are well produced, amply illustrated and 
attain a high standard in scholarship. Typical papers 
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deal with the salt-marsh vegetation of Churchill, 
Manitoba, some freshwater fishes from north-eastern 
Quebec and Labrador, the dentition of rabbits, and 
a description of Sadlermiut houses excavated on 
Southampton Island. 


The Fauna Preservation Society 

THE annual report of the Fauna Preservation 
Society for the year ended December 31, 1959, 
records a deficiency of £153 on the year, but donations 
and legacies received during the year amounting to 
£4,435 have been credited to the General Reserve 
Fund and membership increased by 348 to 1,799 
(pp. 12. London: Fauna Preservation Society, 
c/o The Zoological Society of London, 1960). This 
was due considerably to the interest aroused in the 
preservation of wild life by ‘Operation Noah’, 
launched to help the rescue work already begun by 
the Game Preservation and Hunting Association of 
Northern Rhodesia. The rescue ship Erica has been 
built and entered into service, and in June the 
Society undertook the work of the Survival Service 
Commission of the International Union for Con- 
servation of Nature. A special investigation also was 
started into the position of the African black rhino- 
ceros to consider whether this rhinoceros should be 
regarded as an endangered species and special efforts 
made for its preservation. 


The Institute of Professional Civil Servants 


Tue fifteenth annual report of the Institution of 
Professional Civil Servants, for the year 1959, pre- 
sented to the annual delegate conference on May 23, 
characterizes the year as one of frustration, despite 
the 3-5 per cent pay supplement on salaries up to 
£2,000 a year, the Coleraine Committee’s recom- 
mendations for the higher Civil Service, the 10 per 
cent increase in night-subsistence allowances and the 
commencement of the review of all subsistence 
allowances (pp. 64. London: Institution of Pro- 
fessional Civil Servants, 1960). Membership at 
December 31 was 51,632 compared with 52,239 in 
the previous year. The Institution continues to 
devote time and energy to publicizing the need for 
more scientific professional and technical workers, 
and for more, and better, planned use of this man- 
power; but the Pay Research Unit surveys and 
consideration of the reports on those surveys have 
involved an enormous time-lag, and this organization 
is to be reviewed in 1960. Concern is expressed at 
proposals for dealing with staff structure in the 
Atomic Energy Authority, and the report also 
describes negotiations dealing with the use and 
recruitment of professional engineers and particularly 
with the possible redundancy among such officers 
caused by devolution. 


Isotope Information Bureau 


THE Isotope Information Bureau, situated on the 
ground fioor of the London Office of the United 
Kingdom Atomic Energy Authority in Charles II 
Street, was opened on June 16 by Sir Roger Makins, 
chairman of the Authority. The ceremony was 
attended by Sir Hugh Beaver and Sir Ralph Cochran, 
representing the Federation of British Industries, and 
by representatives of the Institute of Directors, the 
British Institute of Management, the Department of 
Scientific and Industrial Research and the Board of 
Trade. Sir Roger, in an address of welcome, said that 
the Authority felt that the stage had now been 
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reached at which radioisotopes could be regarded as 
true and tried tools and that industry would gain 
great benefit from their widespread adoption. He 
expressed the hope that ell those interested in the 
production and use of isotopes would take the oppor- 
tunity of visiting the Bureau, where the Authority 
was putting radioisotopes in the ‘shop window’. Sir 
Hugh Beaver, acting president of the Federation of 
British Industries, commended the Authority on the 
excellent work it had done on research and develop- 
ment into isotope uses, and expressed the hope that 
industry would come forward and make use of the 
facilities which the Authority could make available 
in the form of advice and consultancy. The Bureau, 
which is open to the general public, is to be 
staffed by scientific personnel from the Authority's 
Radiochemical Centre at Amersham, who will be 
able to give on-the-spot advice to industrialists, 
doctors and research workers. Radioisotopes, the 
trade in which already amounts to nearly @ million 
pounds, are widely used in industry, medicine, agri- 
culture and research in the United Kingdom, and 
the Authority's Radiochemical Centre at Amersham 
supplies isotopes to more than sixty countries in all 
five continents. Sir Roger remarked that the use of 
radioisotopes by British industry could easily be 
increased tenfold. 


International Co-operation and the Production of 

Calcium-47 

FOLLOWING & meeting of experts on the production 
of calecium-47 convened by the International Atomic 
Energy Agency in Vienna in December 1958, there 
have been successful efforts to produce this very 
useful radioisotope in Great Britain and the United 
States. Agency research contracts have so far been 
awarded to institutions in France and Sweden to 
promote research on production as well as practical 
applications of Ca-47. As reported at a second meet- 
ing held in December 1959 in Vienna, limited amounts 
of this isotope are now available from Amersham and 
Oak Ridge. Although the present Ca-45 contam- 
ination would not permit the use of this product for 
experiments on normal healthy persons, it is con- 
sidered satisfactory for diagnostic and research work 
in patients and for agricultural and other applications. 
The International Atomic Energy Agency is now 
developing a programme to assist, through research 
contracts, users of this isotope to procure it and 
to co-ordinate further work on applications of Ca-47 
as well as its production by methods other than the 
celcium-46 (ny) — calcium-47 reaction. 


Addiction-producing Drugs 

IN its tenth report, the Committee on Addiction- 
producing Drugs which was set up by the World 
Health Organization recommends that eight new 
substances derived from different chemical groups 
and all having morphine-like effects should be subject 
to international control (Technical Report Series, 


No. 188. Pp. 16. Geneva: World Health Organiza- 
tion; London: H.M. Stationery Office, 1960. 
1 Swiss franc; ls. 9d.; 0.30 dollar). These sub- 


stances are allylprodine, benzethidine, furethidine, 
levophenacylmorphan, metazodine, norlevorphanol, 
phenazocine and piminodine. The Committee feels 
that the fundamental criterion for the establishment 
and degree of control is the extent to which drug- 
induced behavioural disturbances are a risk to the 
community, for neither the chemical structure per se 
nor any definition, however descriptive, can be a 


NATURE 


June 25, 1960 VoL. 186 


complete guide indicating which substances should 
be placed under control. Consequently, there is a 


need for research along various lines in the field of 


drug-addiction. In particular, to help the World 
Health Organization in carrying out its functions, 
the Committee must have at its disposal the results 
of basic and applied research in this field. So far, 
insufficient support has been forthcoming for such 
investigations. The Committee strongly urges that 
research on drug addiction should be strengthened 
and expanded, since it continues to be a serious 
international health problem. The Committee makes 


certain technical comments concerning the draft of 


the Single Convention on Narcotic Drugs. It ex 
presses the view, inter alia, that only those prepara- 
tions should be retained as exempted preparations 
which constitute no risk to public health, and from 
which the potentially addicting agent is not readil) 
recoverable. 


Mud Fauna of the Stour Estuary 

OnE of the most striking features of any estuary 
is the replacement of freshwater animals by marine 
animals as the river progresses towards the sea. In 
spite of the presence of numerous estuaries in the 
British Isles, surprisingly few accounts of their 
ecology have been published. A study of the River 
Stour estuary was made by Frances Bull, Helen 
Honeyman and Susan Knott over a period of three 
weeks during June 1958 (Transactions of the Suffolk 
Naturalists’ Society, including the Proceedings of the 
year 1959. Vol. XI, Part III. Pp. 217-288. Ipswich : 
Miss Janet C. N. Willis, Honorary Secretary, 1 Holly 
Road, 1960. 7s. 6d.). The scope of the investigation 
was limited to burrowing animals and to their dis- 
tribution in relation to salinity, substrate, and their 
level on the shore. Although no hard and fast lines 
can be drawn, the fauna of the estuary roughly falls 
into three groups, depending on where each species 
attains a maximum density. It can be inferred that 
@ maximum density implies optimal conditions for 
the life of the species. There are those species Which 
have their maximum density in the upper reaches of 
the estuary, although they may occur in limited 
numbers right down to Shotley. Examples of this 
group are Corophium volutator, Nereis diversicolor 
and Streblospio shrubsolii. At the other end of the 
scale are those species which do not penetrate to the 
top of the estuary and have a maximum density 
towards the seaward end. These, for example 
Cardium edule and Nephthys hombergii, are generally 
marine species which have managed to penetrate the 
estuary. Although they can live in waters of lower 
salinity than the sea, they appear to be unable to 
survive the wide fluctuations of the upper reaches. 
Finally, there are those species with a mid-estuarine 
maximum, for example Hetercirrus sp., Scoloplos 
armiger and priapulos caudatus. A striking feature 
of the distribution of animals in the estuary is that, 
as soon as salinities become constant between high 
and low water, and the overall salinity higher, the 
total number of animal species rises, although the 
maximum density of any one is usually lowered. At 
Buck’s Horns a total of 866 Corophium volutator and 
720 Nereis diversicolor were collected from four 
stations, while an odd Scrobucularia plana and 
Cyathura carinata were the only other species present. 
The other extreme is shown by the transect at 
Shotley, where eighteen different species were found ; 
the maximum number of any one species collected 
was 137 Scrobucularia plana from six stations. 
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Scottish Geology 

TWENTY-ONE years ago the Geological Survey of 
Great Britain inaugurated a new publication, the 
Bulletin, to accommodate short scientific reports by 
members of its staff, and since then more than 
seventy noteworthy papers on British geology have 
ippeared within its covers. The latest number 
(Geol. Surv. G. Britain Bull., No. 16. Pp. 178+-11 pl. 
London: H.M. Stationery Office, 1960. 20s. net) is 
a compilation of seven contributions to the geology 
of Scotland. Two of them describe the strata en- 
countered in deep borings sunk by the National Coal 
3oard in the Firth of Forth, off the coast of Fife, to 
prove the geological structure beyond the present 
limits of undersea mining. A third presents a full 
discussion of the remarkable and _ little-understood 
post-diagenetic replacements of coal seams by lime- 
stone, found locally in the Coal Measures of Ayrshire 
and in some other British coalfields. Other papers 
are concerned with Carboniferous lamellibranchs, with 
the classification of Scottish Carboniferous strata, 
and with the igneous rocks of the Pentland Hills ; and 
the volume concludes with a petrological account of 
the sea-stack of Rockall, based on specimens collected 
when it was ‘annexed’ by H.M.S. Vidal in 1955. 
This almost inaccessible islet of aegerine-granite, 
200 miles west-north-west of the Outer Hebrides, is 
renowned as a geochemical curiosity, and it has given 
its name to the rare rock-type rockallite, present in 
the granite as veins and segregations which are out- 
standingly rich in cerium and zirconium. 
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Parametric Amplification 

A RECENT issue of Philips Technical Review contains 
an article entitled ‘‘Experiments in the Field of 
Parametric Amplification”, by B. Bollée and G. de 
Vries (21, No. 2 (1959-60), obtainable from N. V. 
Philips’ Gloeilampenfabrieken, Eindhoven, Holland). 
The principle of parametic amplification is described 
on the basis of the century-old Melde’s experiment 
(Ann. Physik u. Chemie., 109, 193; 1860), in which 
a taut slightly elastic string is pulled lengthwise at 
the appropriate frequency—nowadays termed the 
‘pumping’ frequency—causing the string to vibrate 
transversely at half this frequency. The electrical 
analogue is a resonant circuit in which the capacitance 
is varied periodically. One example of a voltage- 
dependent capacitance is the germanium diode, which 
has already been used by some workers as the basis 
of a parametric amplifier. The authors of the article, 
however, describe a system which uses a magneto- 
strictive resonator of ‘Ferroxcube’ as the basis of the 
variable capacitor. Longitudinal vibrations are pro- 
duced in the core, which is centrally clamped ; the 
ends of the core are ground to be parallel to each 
other, and opposite each of them is mounted a 
parallel, fixed electrode at a spacing of 80u, giving a 
total capacitance of 532 pF. With a pumping 
frequency of 22 ke./s., satisfactory ‘noise-free’ 
oscillations were obtained at half this frequency, and 
various theoretical predictions were verified. Another 
system, briefly described in the article, uses a piezo- 
electric resonator with a pumping frequency of 
3 Me./s. This gave results similar to those obtained 
with the magnetostrictive pump. 


Index of Crystallographic Supplies 

PREPARED under the editorship of Dr. A. J. Rose 
(Université de Paris, Laboratoire de Minéralogie et 
Cristallographie), the “Index of Crystallographic 
Supplies” is the second in the series of indexes under- 
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taken by the Commission on Crystallographic 
Apparatus of the International Union of Crystallo- 
graphy (Union Internationale de Cristallographie : 
Commission des Appareils Cristallographiques. Réper- 


toire de Metériel Cristallographique. 2¢ Edition. 


Pp. xxvi+126. Paris: Société Francaise de 
Minéralogie et de Cristallographie, 1959. 1,250 


frances ; 2.50 dollars). The first, entitled “Index of 
Manufacturers of Apparatus and Materials used in 
Crystallography”’, was compiled by Prof. A. Guinier 
and published in September 1956. The information 
contained in the present Index has been taken from 
manufacturers’ catalogues, and no attempt is made 
to assess the relative merits of the equipment listed. 
The volume consists of four parts. Part 1 lists equip- 
ment and suppliers, classifying the material in eleven 
groups according to their fields of application and 
giving brief specifications to help crystallographers 
in their selection ; Part 2, consisting of three chap- 
ters, quotes references to publications concerned with 
the reading and interpreting of patterns, books and 
text-books, and the names of periodicals with either 
the word crystallography or mineralogy in their 
titles or sub-titles; Part 3 consists of classified 
advertisements ; and Part 4 gives the addresses of 
manufacturers and suppliers. The table of contents 
is in English, French, German and Russian, and the 
rest of the text in a mixture of mainly English and 
French. The Index is being distributed gratis to all 
crystallographers, but additional copies can be pur- 
chased from the International Union. 


Organization for European Economic Co-operation : 

American Awards 

THe Organization for European Economic Co- 
operation and the National Science Foundation 
recently announced award of the first twenty-seven 
senior visiting fellowships in science. These awards 
are designed to improve scientific work at the Fellow’s 
home institution by training the Fellows in specialties 
that the institut on desires to strengthen. The 
National Science ,Foundation is administering the 
fellowship programme for United States citizens. 
The recipients will study primarily in member 
countries of the Organization for European Economic 
Co-operation, and several will visit more than one 
country. They will work in Australia, Austria, 
Denmark, France, the Federal Republic of Germany, 
Italy, The Netherlands, Portugal, Sweden, Switzer- 
land and the United Kingdom. Scientists from the 
member countries will also study in the United States 
under this programme, which is supported by the 
Organization and the United States. 


The Biological Engineering Society 

A NEw Society, calied the Biological Engineering 
Society, was inaugurated at a meeting held at the 
Royal College of Surgeons on June 10. The meeting 
was attended by doctors, physiologists, electronic 
engineers, mechanical engineers and physicists from 
many parts of the country. The purpose of the 
Society is to bring together members of these different 
disciplines, from hospitals, research institutes and 
industry, to further the applications of engineering 
to biological and medical problems. Prof. R. Woolmer, 
professor of anzsthesia at the Royal College of Sur- 
geons, was elected first president. The Council 
consists of : Dr. P. Bawwens, Prof. A. V. Hill, Dr. 
A. Nightingale, Dr. G. Pampiglione, Mr. W. J. 
Perkins, Mr. B. Shackel, Dr. N. Smyth, Dr. A. M. 
Uttley, Mr. H. 8. Wolff, Dr. B. M. Wright. The 
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acting secretary is Dr. A. Nightingale, Physics 
Laboratory, St. Thomas’s Hospital, S.E.1. 


Lady Tata Memorial Trust 

Tue Trustees of the Lady Tata Memorial Trust, 
on the recommendation of the (European) Scientific 
Advisory Committee, have made the following 
awards for research on leukemia and allied diseases 
in the academic year beginning October 1: Grants 
for research expenses, Dr. B. M. Braganca (Indian 
Cancer Research Centre, Bombay); Dr. J. Pontén 
(Pathology Institute, Uppsala); Dr. M. Simonsen 
(Institute of Pathological Anatomy, Copenhagen) ; 
Dr. H. J. Woodliff (New Pathological Laboratory, 
Radcliffe Infirmary, Oxford). Scholarships, Dr. L. 
Chieco-Bianchi (Institute of Pathological Anatomy, 
Bari); Dr. J. Hastrup (Institute of General Path- 
ology, Aarhus). 


University News : London 

TxHE following appointments have been announced : 
Dr. H. Harris, reader in biochemical genetics at the 
London Hospital Medical College, to the University 
chair of biochemistry tenable at King’s College ; 
Mr. A. F. Huxley, reader in experimental biophysics 
in the University of Cambridge, to the Jodrell chair 
of physiology tenable at University College. 


Yale 


Tue following changes in staff of the Department 
of Botany in Yale University have been announced : 
Prof. Paul B. Sears (conservation and ecology) will 
retire as from July 1, 1960. Prof. Oswald Tippo 
(anatomy) will leave his post as chairman of the 
Department to assume duties as provost of the 
University of Colorado at Boulder as from July 1, 
1960. Assistant Prof. Theodore Delevoryas (palxo- 
botany) will leave to accept @ post as associate pro- 
fessor in the Department of Botany in the University 
of Illinois. Assistant Prof. Kenton L. Chambers 
(cytotaxonomy) will leave to accept a post as associate 
professor and curator of the Herbarium in Oregon 
State College. Prof. Arthur W. Galston (plant 
physiology) has been appointed chairman of the 
Department as from July 1, 1960. During the 
academic year 1960-61, when Prof. Galston will be 
on sabbatical leave at the Commonwealth Scientific 
and Industrial Research Organization, Canberra, 
Australia, Prof. Norman H. Giles (cytogenetics) will 
serve as acting chairman. Dr. Ian M. Sussex (plant 
morphogenesis), of the Department of Biology, 
University of Pittsburgh, has been appointed associate 
professor. He will assume his post on July 1, 1960, 
and will teach courses in anatomy and developmental 
morphology. Dr. Diter H. von Wettstein, of the 
Forest Genetics Institute in Stockholm, has been 
appointed associate professor as from July 1, 1961. 
Dr. von Wettstein will set up an electron microscopy 
laboratory in the Department, and will give courses 
in electron microscopy and in sub-cellular morphology. 
Dr. William S. Hillman (plant physiology) has been 
appointed assistant professor. He will aid in the 
teaching of advanced plant physiology and in the 
supervision of graduate students. Dr. John H. Miller 
(developmental morphology) has been appointed 
instructor. His primary duties will be to take the 
elementary biology course. Dr. Derald G. Langham 


(genetics), formerly head of the Departments of 
Genetics in Caracas and Maracay, Venezuela, has 
been appointed lecturer. He will give a course in 
economic botany. 
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Announcements 


Tue following were elected officers of the Royal 
Statistical Society on June 15: President, Prof. 
M. G. Kendall; Honorary Secretaries, Mr. B. Ben- 
jamin, Dr. P. Armitage and Mr. B. P. Emmett ; 
Honorary Treasurer, Mr. C. T. Saunders. 


THE Royal Aeronautical Society Man Powered 
Aircraft Group has announced that it will make 
financial contributions to one or more persons 
or organizations who submit promising projects 
designed to further the achievement of man-powered 
flight. Submissions must reach the Royal Aero 
nautical Society not later than October 31. Further 
information can be obtained from the Chairman of 
the Man Powered Aircraft Group Committee, Royal 
Aeronautical Society, 4 Hamilton Place, London, 
W.1. 


THE Committee on the Problem of Noise, of which 
Mr. A. H. Wilson is chairman, which was appointed 
by the Minister for Science “to examine the nature, 
sources and effects of the problem of noise and to 
advise what further measures can be taken to mitigate 
it’’, is now ready to receive evidence from persons and 
organizations with special interest or experience in 
matters relevant to the problem of noise. Anyone 
wishing to give evidence should first write to the 
secretary of the Committee, Mr. R. 8S. Matthews, 
Ministry of Health, Savile Row, London, W.1. 


In an admirable Library Association Pamphlet 
(No. 20: The Reproduction of Catalogue Cards. By 
Philip 8. Pargeter. Pp. 48. London: Library 
Association, 1960. 8s. 8d.; L.A. Members, 6s. 6d.), 
Mr. P. 8S. Pargeter provides a comprehensive illus- 
trated survey of the various means used for this 
purpose, including wax-stencil duplicators, spirit 
duplicators, offset lithography, metal plate, stencil 
and spirit addressing machines, microphotography, 
xerography, reflex copying, dyeline processing and 
automatic typewriter. The advantages and. dis- 
advantages of each method are recognized and there 
is @ list of the principal periodical articles consulted. 


A CouRSE in practical field techniques in physical 
and cultural geography is to be held in south Devon 
during August 17-31 under the auspices of the Geo- 
graphical Association. Further information can be 
obtained from the Assistant Secretary of the Associa- 
tion, Park Branch Library, Duke Street, Sheffield 2. 


AN international congress on “Biophysics” will be 
held in Stockholm during July 3l—August 4, 1961. 
The meeting will be divided between a series of 
symposia devoted to special topics in biophysics and 
to presentations of a number of contributed papers 
in pure and applied biophysics submitted by the 
participants. Further information can be obtained 
from Dr. Bo Lindstrém at the Department of 
Medical Physics, Karolinska Institutet, Stockholm 60, 
Sweden. 


Tue fifth general assembly of the International 
Union of Crystallography will be held in Cambridge 
during August 15-20 at the joint invitation of the 
University of Cambridge and the Royal Society. 
These meetings will be followed by symposia during 
August 22-24, namely, ““Thermal Motion in Crystals 
and Molecules”, and “Lattice Defects and the 
Mechanical Properties of Solids”. Further informa- 
tion can be obtained from Dr. W. H. Taylor, Crystal- 
lographic Laboratory, Cavendish Laboratory, Cam- 
bridge. 


peor 








4 
Un 
Sir 
Col 

r 


ho 
sm 
wa 
col 
bel 
Ba 
lan 


bu 


to 

ho 
Co 
ab 
all 
Ce 


D 
flc 


in 
jo 
pl 


m 
Ch 












ad 


ns of 
ts 
cl 
1) 
pT 
pt 


id 








June 25, 1960 


No. 4739 


NATURE 


NEW BIOLOGY BUILDING OF THE UNIVERSITY COLLEGE 
OF WALES, ABERYSTWYTH 


NEW Biology Building to accommodate the 
£\ Departments of Botany and Zoology of the 
University College of Wales was officially opened by 
Sir Keith Murray, chairman of the University Grants 
Committee, at Aberystwyth on April 27. 

The Departments of Botany and Zoology had been 
housed for many years in old-fashioned buildings too 
small for their needs, so that = move to new quarters 
was eminently desirable. The new building which now 
contains these Departments is situated on a hill 
behind the town, with an excellent view over Cardigan 
Bay, on the new College site, an area of former farm- 
land which is large enough to take as many new 
buildings as the College is likely to need in the fore- 
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these classes are excellently equipped for general 
botanical work. There are also special laboratories 
for the honours students and for advanced classes 
in plant physiology. Preparation rooms have been 
provided on each floor, to serve these laboratories. 
The botany lecture room accommodates 100 students, 
and there is a seminar room which is also used as a 
herbarium. 

Specially equipped rooms for teaching and research 
in mycology, and a general research laboratory, are 
located on the second floor. The ground floor is 
allocated to plant physiology and biochemistry, and 
includes the laboratory for advanced classes in this 
subject, and several research laboratories. There 





{Fig. 1. The Biology Building at the University College of Wales, Aberystwyth 


seeable future. The Biology Building is the third one 
to be erected on this site, the others being a men’s 
hostel and the Institute of Rural Science. The 
College therefore now has a nucleus of a ‘campus’ 
about half a mile from the town. The architects for 
all these buildings were Sir Percy Thomas and Son, 
Cardiff. 

In general plan the building consists of four floors, 
with a large lecture theatre projecting towards the 
sea from the middie of the lowest floor. The Botany 
Department has the north end of each of the four 
floors, the Zoology Department the south end. 

tooms shared by the two Departments are situated 
in the centre of the building; this applies to the 
joint library and staff common room on the first 
floor. The joint lecture theatre seats 190 and is 
provided with a projection room and modern equip- 
ment for showing sound films and colour transparen- 
cies. The present number of students in each of the 
Departments is about 150. 

The planning and design of the new Botany Depari- 
ment was carried out by Prof. Lily Newton, in con- 
sultation with the architects and staff. Special 
attention was given to the provision of adequate 
teaching laboratories for the second- and third-year 
classes, and the two large laboratories provided for 


are special facilities for enzymology, the use of radio- 
active materials and work on plant hormones. Four 
large growth rooms, with controlled lighting, tempera- 
ture and humidity, provide facilities for controlled 
environment studies. All the physiological labora- 
tories are served with water, gas, electricity and 
vacuum lines. The accommodation in the basement 
includes photographic dark rooms, workshop and a 
laboratory specially equipped for algological work. 

In the old building, many lines of research were 
severely handicapped through shortage of space, poor 
services and inadequate equipment. The greatly 
extended accommodation and facilities, and the 
provision of a considerable amount of modern 
scientific equipment in the new Department, now 
meet the requirements for present-day botanical 
research. 

The Zoology Department has been planned on the 
principle that in a small, rather remote situation it is 
better to make reasonable provision for several 
aspects of a subject than to make comprehensive 
provision for any one particular line of teaching or 
research at the expense of the others. The Depart- 


ment is therefore equipped to teach comparative 
anatomy, physiology and embryology, together with 
genetics and ecology : 


and for students who reach 
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the honours or postgraduate levels it also teaches 
entomology, parasitology and marine biology. If 
there is any special emphasis in the equipment pro- 
vided, it is in the direction of ensuring that adequate 
arrangements exist for teaching and research in the 
field of comparative physiology, because the future 
of zoology is so much bound up with this that no 
department can expect to contribute substantially 
to the progress of the subject unless it is well equipped 
for such work. 

The various rooms in the Department (about sixty) 
are so arranged that the circulation of large numbers 
of students is confined in’ the main to the two lower 
floors, with the result that senior students and staff 
have the two upper floors to themselves. Thus the 
large lecture theatre opens from the basement, and 
the main students’ cloakrooms are on the same level. 
On the floor above is the large laboratory, with the 
zoology lecture room opening from the same passage. 
The floor next above this one is laid out primarily 
for senior physiological teaching and research, and 
also has a technicians’ common room, a larger com- 
mon room for the academic staff, and the library. The 
top floor provides private rooms for the staff and for 
postgraduate research, as well as the honours labora- 
tory with an adjacent room for section-cutting. 

Several other principles have been kept in mind 
during the planning. Plenty of store-rooms have 
been provided, and also an adequate number of 
photographic dark-rooms situated on different floors, 
so that technicians, research students and academic 
staff do not need to use the same ones. Further, 
the teaching laboratories have been supplied with 
large and well-equipped preparation rooms opening 
into- them, and this much facilitates the handling 
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of teaching material. In connexion with the physio- 
logical section of the Department there is an aquarium 
in which various types of work can be done, and this 
room has a circulation of sea water through six small 
tanks and a circulation of fresh water through six 
others. In the basement there is a museum, and an 
innovation on the same floor is a visitors’ research 
laboratory in which are four cubicles, each of which 
can be used by a visiting scientist, as well as general 
facilities which visitors can share. There are also 
two constant-temperature rooms: and compressed 
air is laid on throughout the building. A laboratory) 
properly equipped for the use of radioactive materials 
has been provided on the roof. 

The whole planning of the internal detail of th 
Zoology Department was done, in consultation with 
the architects and the staff, by Prof. and Mrs. T. A 
Stephenson. 

Aberystwyth is in many ways very favourably 
situated for biological studies, since there are close ai 
hand a wide variety of habitats, which include not 
only the sea and shore for marine studies, but also 
inland rivers and lakes, woodlands, bogs, moorland, 
sand-dunes and salt-marsh. Moreover, there is a 
large botany garden very close to the new building. 
In the past the Biological Departments were handi- 
capped by inadequate laboratory accommodation ; 
but with the large new laboratories and the close 
proximity of a wide variety of natural vegetation and 
fauna, the College can now offer opportunities for 
biological teaching and research which compare 
favourably with those provided elsewhere in the 
United Kingdom. 
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BOUNDARY-LAYER RESEARCH IN FLUIDS 


HEN a body of streamlined shape moves 

through a fluid, the latter is disturbed, but in 
the main it is not carried along with the body. 
On the surface of the body, however, the fluid shares 
the body’s motion, because viscosity prevents any 
slip occurring. The change in speed between the 
fluid at the surface adhering to it and the fluid in the 
external flow takes place in a thin layer, called the 
boundary layer. Boundary-layer flow has been 
intensively studied because many important practical 
effects depend on the nature of this flow. ‘The fluid 
exerts a frictional retarding force on the body. This 
drag depends on the way in which the fluid speed 
varies across the boundary layer, and it tends to 
decrease as the boundary-layer thickness increases. 
It is increased if the flow in the boundary layer, 
instead of being completely smooth or laminar, is 
turbulent, with a small-scale eddying motion super- 
imposed on the mean motion. Much work has there- 
fore been devoted to the conditions which provoke 
the transition from laminar to turbulent flow in the 
boundary layer. 

Another important practical problem is boundary- 
layer separation. Relative to the body, the boundary- 
layer fluid has less momentum than that in the 
external flow. Hence if over the surface of the body 
the pressure rises in the stream direction, the bound- 
ary-layer fluid may be brought to rest, because it 
will tend to be retarded relatively more by the pres- 
sure gradients than the fluid in the external flow. A 


piling-up of low-speed fluid near the surface may 
therefore occur, which may make the streamlines in 
the external flow depart markedly from the shape of 
the body. A low-pressure region over the rear end 
of the body sometimes results, with a consequent 
large pressure-drag. Here again turbulent boundary 
layers behave very differently from laminar ones, 
being much less prone to separation. In recent years, 
with the advent of high-speed aircraft and missiles, 
aerodynamic heating has become of great importance. 
This is largely a boundary-layer effect, because it 
is mainly due to the kinetic energy of the free-stream 
air being converted into heat when, relative to the 
body, the air is slowed down by friction inside the 
boundary layer. Associated with their greater 
frictional drag, turbulent boundary layers tend to 
produce greater rates of heating than laminar ones. 

It can be understood from the foregoing that the 
study of boundary layers as a special department of 
fluid mechanics has itself become specialized into 
several sub-departments. These spotialist interests 
are exemplified by the papers presented at the 
meeting on “‘Boundary Layer Research’’. arranged 
by Dr. W. P. Jones of the Aerodynamics Division, 
National Physical Laboratory, on behalf of the 
N.A.T.O. Advisory Group for Aeronautical Research 
and Development and held in London during April 
25-29. The topics discussed were grouped under the 
following headings: (1) effects of roughness on 
boundary-layer stability ; (2) boundary-layer con- 
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trol; (3) stability of shear layers; (4) mechanism 
of transition and boundary-layer stability ; (5) three- 
dimensional boundary layers ; (6) turbulent boundary 
layers ; (7) heat transfer. 

About forty papers were read by authors from 
Belgium, France, Germany, Great Britain, Italy, and 
the United States, and it is obviously out of place to 


attempt to summarize them all here. It may, 
however, be profitable to discuss the topics of some 
of the above headings in broad terms, in the light 
of the papers presented at the meeting. 

The position at which transition to turbulent flow 
occurs on a smooth surface depends on several factors. 
If the surface is a flat plate parallel to the flow, it 
might at first sight be expected that the only factors 
affecting the distance 2; of the transition position from 
the leading edge of the plate would be the density 9, 
the viscosity u, and the velocity V of the oncoming 
flow. Then pV2;/u, which is a dimensionless quantity 
of the kind known as a Reynolds number, would 
take a definite value at transition. However, in 
practice the Reynolds number of transition is not 
uniquely defined. It is very dependent on the magni- 
tude of any small disturbances present in the stream 
or on the nature of any imperfections in the surface. 
Small wave-like disturbances introduced into the 
laminar boundary layer by these means can become 
amplified and distorted until eventually the flow 
becomes turbulent. These processes have been for 
many years and still are the subjects of theoretical 
and experimental investigations, and many papers 
at the meeting were concerned with them. The 
initial small wave-like motions can be treated with 
some success mathematically because the problem 
can be linearized. The disturbance velocities are 
superimposed on those of the undisturbed flow, 
and any products of the disturbance terms in the 
equations are neglected, the first-order terms only 
being retained. A further simplification usually 
introduced is to consider only two-dimensional 
disturbances, such that the disturbance velocities 
do not vary along lines perpendicular to the flow 
across the flat plate on which the boundary layer is 
formed. The justification for this is that it can be 
shown that such two-dimensional disturbances are 
more rapidly amplified than three-dimensional ones. 
However, three-dimensional disturbances that are not 
too oblique can be amplified, and this process has 
recently been studied because experiment has 
emphasized that the final process of breakdown into 
turbulent flow is essentially three-dimensional, with 
disturbance velocities in all directions superimposed 
on the mean flow. However, the disturbances 
considered by linear theory, even in its three-dimen- 
sional form, are different in character from those 
which immediately precede the breakdown into 
turbulent flow, and to help to bridge this gap in our 
theoretical understanding, other workers have taken 
into account some of the higher-order non-linear 
terms in the equations. Another difficult problem 
has been the extension of the linear small-disturbance 
theory to high-speed flow. It has recently been 
discovered that the earlier version of this extension 
is in some respects unsound, and a more adequate 
theory is now being developed. 

Surfaces such as aircraft wings are never perfectly 
smooth, and it is therefore important to investigate 
what effects randomly distributed elements of rough- 
ness are likely to have on transition to turbulent 
flow. This problem is too complicated to study 
theoretically, and its experimental investigation is 
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not easy, because it is complicated by the large 
number of factors defining the roughness—the spac- 
ing, height, and shape of the excrescences may all 
vary. For a band of roughness elements of given 
geometry situated transversely to the flow, transition 
will be provoked immediately downstream of the 
band if the roughness size exceeds a certain minimum. 
This critical size can be defined by a Reynolds number 
based on the height of the excrescences and on the 
velocity, density, and viscosity in the oncoming 
boundary layer at a distance from the wall equal to 
the height of the excrescences. There is some evidence 
that such a critical Reynolds number tends to be 
constant irrespective of the free-stream Mach 
number (the ratio of the speed to the local speed of 
sound), and also irrespective of heat transfer between 
the stream and the surface. If this is so, cooling a 
surface with distributed roughness would tend to 
provoke earlier transition, since it would increase the 
roughness-element Reynolds numbers. This is in 
contrast with the behaviour of boundary layers on 
smooth surfaces, where cooling delays transition. 

Results of wind-tunnel investigations of transition 
may not be in all respects valid for free-flight condi- 
tions. Turbulence in the free stream outside the 
boundary layers may be much higher in a wind tunnel 
than in flight, where small-scale turbulence is usually 
negligible. In low-speed wind tunnels this free- 
stream turbulence may be reduced to a low level by 
the provision of a large settling chamber containing 
gauze screens through which the air is made to pass 
upstream of the working section, where the model 
under test is situated. However, in high-speed wind 
tunnels the free-stream turbulence cannot be so 
readily got rid of, since in the main it comes from 
acoustic radiation from the eddying motions in the 
turbulent boundary layers on the tunnel walls. A 
tentative partial explanation of why this radiation is 
greater at supersonic than at subsonic speeds is as 
follows. Eddies in the boundary layer move along 
with the local speed, so that the external flow moves 
past them. In effect, from the point of view of the 
external flow an eddy may form a moving local 
excrescence or depression. When the speed of the 
relative motion between the external flow and the 
eddy is less than that of sound, the disturbance 
generated in the external flow would be expected to be 
diffuse, tending perhaps to cancel with contributions 
from other eddies. On the other hand, when the 
speed of the relative motion exceeds that of sound, 
the effects of the disturbances are presumably con- 
centrated along shock waves, and they might tend 
to persist without cancellation in the external flow. 
If this explanation is correct, it implies that the bulk 
of the radiated energy comes from the eddies in the 
inner part of the boundary layer, moving at supersonic 
speeds relative to the external flow, and not from 
eddies in the outer part of the boundary layer, where 
the relative motion is subsonic. In any event, the 
radiated energy is associated somehow with the 
turbulent motions in the boundary layer. If the 
tunnel could be run at sufficiently low pressures it 
would be possible to have laminar boundary layers 
on the tunnel walls, which would greatly reduce the 
free-stream turbulence-level. Under these conditions, 
however, the tunnel could not readily be used to study 
transition, because the boundary layers on any model 
in the tunnel would normally be entirely laminar. 

Tt is still a matter for conjecture as to how similar 
turbulent boundary layers in supersonic flow are to 
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those in low-speed flow. At high speeds, but not at 

. low speeds, significant temperature and density 
fluctuations occur, and at first sight it would appear 
that they must completely alter the nature of the 
flow. However, it can be argued that the velocity 
fluctuations are to some extent independent of the 
thermal effects, and many of the overall characteris- 
ties of supersonic turbulent boundary layers are 
sufficiently similar to the corresponding ones in low- 
speed flow to encourage the view that there is a 
fundamental similarity in the underlying processes of 
energy exchange between the mean motion and the 
turbulent eddies, at least up to moderate supersonic 
speeds. The energy radiated to the free stroam, dis- 
cussed above, may not play a very big part in the 
overall energy balance. 

A disturbing feature that has been noticed in tests 
of supposedly two-dimensional turbulent boundary 
layers is the presence of three-dimensional effects. 
Such characteristics as the boundary-layer thickness 
have been found to be non-uniform for the boundary 
layer on a flat plate along lines across the plate 
perpendicular to the flow. These effects are not to be 
traced to any small imperfections in the leading edge 
of the plate, but they seem to depend on the condition 
fo the screens in the settling chamber of the tunnel. 
It has been shown that characteristics such as the 
frictional drag, as calculated from the rate of growth 
of the boundary layer, are considerably affected by 
taking into account the spanwise variations. 

Spanwise variations of a somewhat similar kind have 
been observed in regions where a laminar boundary 
layer re-attaches itself to a surface downstream 
of a region of separation. Liquid which, after being 
smeared on to the surface, evaporates most rapidly 
from regions where the skin friction is highest, reveals 
a streaky pattern with streaks parallel to the flow. 
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This is suggestive of a number of parallel vortices in 
the boundary layer, with their axes in the direction of 
the stream. Such vortices are formed when a fluid 
flows over a concave surface, as has been known for a 
long time. The laminar boundary layer on such a 
surface is unstable because if a relatively fast-moving 
particle of fluid gets dispiaced nearer to the surface, 
where the general speed of the fluid is less, it comes 
into a region where its centrifugal force exceeds the 
restoring force exerted by the local pressure field 

which is such as to balance the local, smaller, centri- 
fugal forces. Thus the motion is unstable, and pairs 
of counter-rotating vortices result. It would seem 
at first sight reasonable to expect a similar instability 

in a re-attachment region, where the streamlines tend 
to be concave even when the solid surface is flat. 
However, it was found that the streaky pattern per- 
sisted even when the surface on which the re-attach- 
ment occurred was made convex. This would pre- 
sumably damp out any instability of the concave- 
surface type, so the cause of the streaky patterns 
remains at present a mystery. 

Many other topics were considered at the meeting, 
but there is no space to describe them here. It will 
already be evident, however, how abundantly fruitful 
has proved the concept of the boundary layer, first 
thought of by Prandtl more than fifty years ago, in 
1904. In the decade following that year scientific 
papers on boundary layers appeared at the rate of 
about one a year. The current rate has been estimated 
to be about 160 a year, and this rate is still increasing. 
Despite all this effort, we are still a long way from 
understanding many boundary-layer phenomena. 
The attempt to solve these problems is one of the 
most interesting tasks of present-day aerodynamics, 
a task which is likely to take at least another fifty 
years to complete. G. E. Gapp 


THE BRITISH LEATHER MANUFACTURERS’ RESEARCH 
ASSOCIATION 


HE British Leather Manufacturers’ Research 

Association held its fortieth annual open days 
during May 3-5 at Milton Park, Egham, the Surrey 
mansion where the laboratories of the Association have 
been established for the past ten years. More than four 
hundred visitors attended, mostly from the industry, 
but including representatives of university depart- 
ments, research associations, government depart- 
ments and other bodies. 

The Association, which was one of the earliest to be 
established under the Department of Scientific and 
Industrial Research scheme for co-operative research 
in industry, has an income of £65,000 p.a., and applies 
its effort in roughly equal proportions to background 
research, technological investigations and member 
services. Studies of the composition of skin have 
been maintained since Dr. Joane H. Bowes, the 
Association’s chief biochemist, worked out the 
overall amino-acid composition of collagen some 
fifteen years ago; in this year’s exhibition the 
decrease with increasing age of the animal in the 
proportions of serum and other non-collagenous 
proteins in the skin was shown. The Biochemistry 
Department is making a fundamental investigation 


(sponsored by the U.S. Department of Agriculture) 
on the mechanisms of the deterioration of leather by 
various agencies such as heat, moisture and perspira- 
tion. A survey of the rates of deterioration of 
different kinds of leather was shown, together with 
an exhibit of the more fundamental aspects of the 
work, which involve the use of continuous paper 
electrophoresis and liquid-phase chromatography, to 
identify the breakdown products of the protein fibres 
and the tanning agents, and the use of isotopic 
labelling, to follow the movement of tanning agents 
out of the protein phase. 

In the Physics Department, under Dr. R. G. 
Mitton, work on waterproofing of leather was shown. 
While the intrinsic water-resistance of leather is 
adequate for many purposes, there are increasing 
demands for special leathers with improved per- 
formance. Results obtained with a variety of treat- 
ments designed to improve water-resistance without 
reducing the porosity of leather were shown. An 
important objective of the work of the Physics 
Department is to devise laboratory tests for assessing 
the complex physical properties of leather in its 
many uses; a number of test machines constructed 
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in the Association’s laboratories were exhibited. 
Performance trials under controlled conditions also 
prove valuable. Studies of the mechanical properties 
of collagen and leather fibres were also displayed. 
The properties of leather depend on those of its con- 
stituent fibres and on their mode of interweaving. 
\n electrobalance for weighing very small fibres and 
an extensiometer for determining their stress/strain 
relation in different controlled atmospheres have been 
constructed at Milton Park for this work. 

The Biology Department, under Dr. Mary Dempsey, 
is pre-eminent in the study of the fibre structure of 
skin; one of the items on show was the album of 
photomicrographs (‘‘Hides, Skins and Leather under 
the Microscope”), published by the Association, 
which has had a wide circulation among investigators 
in other fields concerned with the structure of animal 
skins. Other exhibits showed the influence of 
abnormal skin conditions such as mycotic dermatitis, 
hyperpigmentation and melanomia, on the resulting 
leather. 

In the Chemistry Department, under Dr. D. E. 
Hathway, exhibits summarized the work done during 
the past five years, which has contributed substanti- 
ally to the understanding of biogenesis and structure 
of the condensed and the hydrolysable groups of 
natural organic tannins; the aromatization of 
glucose yields galjlic acid and other phenolics (includ- 
ing ellagic acid formed by oxidation of gallic) ; these 
by esterification with glucose form the hydrolysable 
tannins, which are converted to condensed tannins by 
oxidation in the plant. A variety of non-tannin 
extractives from trees were also shown, for example, 
taxifolin and dihydropiceatannol from barks of native 
conifers (supplied by the Forestry Commission) and 
hydroxystilbenes from the heartwood of Hucalyptus 
redunca. The Chemistry Department is also respons- 
ible for work on leather dyeing, and has developed 
the application to leather of the ‘Procion’ range of 
dyestuffs introduced a few years ago by Imperial 
Chemical Industries, Ltd. These dyes combine 
with the substrate by a covalent link giving improved 
fastness in comparison with other types of dye, which 
in general become attached by less-specific links. 
The use of a resist, of the same chemical type, to 
modify the fixation of ‘Procion’ dyes on leather, was 
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also shown. This material, now manufactured by 
Imperial Chemical Industries, Ltd., under the 
designation ‘Lissatan PR’, was first prepared in the 
Association’s laboratories. 

Enzyme treatments have been used by the leather 
industry for many years for softening skins before 
tanning, and proteolytic enzymes have been used to a 
very limited extent for loosening hair in the pre-tan- 
ning treatments. Mr. K. G. E. Wyatt demonstrated 
current work by the Association on the proteolytic 
treatment which, if it can be made practicable for 
full-scale operation, will have several operational 
advantages over the customary treatment with milk 
of lime and sodium sulphide, for hair-loosening. In 
the Chemical Engineering Department, under Dr. 
F. E. Humphreys, investigations on drying leather 
were displayed. The best drying conditions (air 
temperature, humidity and flow-rate) for combining 
fuel-economy and satisfactory leather characteristics 
have been worked out for the more important types 
of leather, and a simple drying tunnel with air re-cir- 
culation, suitable for most kinds of leather, has been 
devised. In many of the processes of leather manu- 
facture, accurate control of simple physico-chemical 
factors such as pH value, electrolyte concentration 
and temperature is desirable and the Department is 
studying methods for making the necessary measure- 
ments inside revolving drums ; continuous determina- 
tion of pH value of the liquid in a drum was demon- 
strated. 

Following Procter’s application of the Gibbs— 
Donnan theory of membrane equilibrium to the 
gelatin/acid system, much work has been done by the 
Association and in other laboratories on the swelling 
of collagen in water mostly by acid or alkali, but the 
addition of any electrolyte, one ion of which can be 
fixed or adsorbed in the collagen phase, will set up a 
membrane equilibrium or modify an existing one. 
An application of this was shown by Mr. E. F. 
Nattrass in the use of a polymeric phosphate, the 
anion of which combines with collagen, to control the 
swelling in acid pre-tanning treatment, so that the 
maximum practicable leather thickness is obtained ; 
but the swelling is kept below the level at which 
practical difficulties, such as retarded absorption of 
tanning agent, would occur. K. W. PEPPER 


REACTOR FUEL ELEMENT TECHNOLOGY 


COURSE of ten lectures in reactor fuel element 

technology was given in the Department of 
Chemical Engineering at the Imperial College of 
Science and Technology, London, during February 
and March. The lecture series, which formed part 
of the postgraduate diploma course in nuclear 
technology (chemical), was designed to lay em- 
phasis on the industrial problems of reactor fuel 
element technology and to appeal to scientists and 
technologists interested in the metallurgical aspects 
of nuclear power development. All the lecturers, who 
were from the United Kingdom Atomic Energy 
Authority, were specialists in their subjects and spoke 
rom personal experience about the problems inherent 
in fuel element manufacture. 

The course was arranged by the reader in nuclear 
technology (Mr. G. R. Hall) in collaboration with 
Mr. L. Grainger, chief metallurgist at the Atomic 
Energy Research Establishment, Harwell. 


Mr. Grainger gave the introductory and concluding 
lectures. He described various types of reactor fuel 
element, the qualitative requirements of a satis- 
factory fuel element, and future developments in 
fuel element design and fabrication. In Mr. Grainger’s 
opinion, progress in fuel element performance was 
now the most vital factor in the economic utilization 
of nuclear power ; experimental irradiations would 
determine the rate of advance for some years to 
come. 

Dr. J. F. M. Bishop, deputy head of laboratories at 
Springfields, discussed the theoretical evaluation of a 
fuel element. He outlined the general methods of 
procedure, illustrated by examples, and described 
the effects of irradiation and other factors which 
require consideration. The first stage in the evalua- 
tion of a fuel element is to see if it will endure for 
the proposed charge life under the conditions of 
stress and temperature imposed. If so, the effects of 
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changes induced by irradiation are then considered in 
detail. During his second lecture, special attention 
was paid to ratcheting and irradiation creep. 


Mr. J. Harper, head of laboratories, Spring- 
fields, described the Springfields manufacturing 


process from ore to machined bars for Calder and 
Central Electricity Generating Board fuel elements. 
The emphasis was placed on the metallurgical stages 
in the process. He pointed out that the efficiency of 
slag/metal separation in uranium billet production is 
a major factor in the quality of a fuel rod. Each fuel 
rod has its case-history recorded on a punched card. 
Mr. D. O. Pickman, deputy head of laboratories, 
Springfields, described the design and manufacture 
of Calder-type fuel elements, assembly and testing 
procedure, and out-of-pile proving tests. In the 
course of his second lecture he reviewed performance 
experience in Calder and irradiation proving of 
Central Electricity Generating Board fuel elements. 
Out of the 90,000 fuel elements loaded up to mid-July 
1959, only twenty-seven failures have been observed. 
Mr. L. M. Wyatt, late deputy head of laboratories, 
Culcheth, and now with the Central Electricity 
Generating Board, described fuel elements for the 
advanced gas-cooled reactor and fast reactors. He 
considered the design and expected performance of 
these uranium dioxide fuels with stainless steel, 
beryllium and other canning materials. The design 
of similar fuels for light water and/or heavy water- 
cooled and moderated reactors was also briefly 
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referred to. In his second lecture, Mr. Wyatt 
described fast reactor fuels and cans and expected 
operating conditions. He concluded by briefly com- 
paring British, American and Russian fuel elements. 
Design drawings of the advanced gas-cooled reactor 
fuel elements aroused great interest. 

Mr. H. Lloyd, leader of the Fuel Element Fab- 
rication Group at Harwell, discussed the fabrication 
of Dido-type fuel elements including the Mark II] 
version, and considered their application to power 
reactors. Possible variations and improvements in 
fuel materials and design were mentioned and com- 
parison was made with similar American fuels. 
Although various power reactors employing plate- 
type fuel elements have been built in the United 
States, only design studies have so far been made in 
Great Britain. Mr. Lloyd displayed samples illus 
trating various stages in the fabrication of the Dido 
fuel element, and these aroused much interest. 

The course was well attended and it was particu- 
larly pleasing to see about forty representatives from 
industry. Each of the lectures provoked a stimulating 
discussion. Although the lecturers would have liked 
to answer the questions put to them fully, they were 
occasionally prevented from doing so by commercial 
security regulations. This applied mainly to ques- 
tions concerning throughput and costs. 

In view of the interest the lectures aroused, it is 
hoped to hold a similar series early in 1961. 

S. HarTLanD 


THE LEVERHULME TRUST 


REPORT FOR 1956-58 


HE third report of the Leverhulme Trust*, 

which covers the period 1956—58, in which commit- 
ments of £593,000 were undertaken, is the first of a 
series of triennial reports. Of this sum, 33 per cent 
was devoted to universities and centres of higher 
education, 8 per cent to learned societies, 30 per cent 
to medical research and 12-5 per cent to grants to 
individual scholars. Of those to British universities, 
the largest grant, £30,000, was to Liverpool for 
fellowships in general research, mathematics, physics 
and town planning. The University of Manchester 
received £14,900 for research fellowships and student- 
ships at Jodrell Bank Experimental Station, Nuffield 
College, Oxford, £14,100 for a study of industrial rela- 
tions with particular reference to the history and 
problems of the trade union movement, collective 
bargaining, the appointment and responsibilities of 
shop stewards and so forth, and St. Antony’s College, 
Oxtord, £12,500 for the study directed by Lord Ismay’s 
committee on the changes in the international 
status of the United Kingdom since the Second World 
War and of its position as a Colonial power. £6,000 
went to Birkbeck College, London, for research by 
Dr. N. Pevsner on the buildings of England, and 
£16,950 to the London School of Economics for 
miscellaneous scholarships and research awards. 
The University of Leeds received £7,500 for a research 
fellowship, scholarship and lectureship in the history 


* The Leverhulme Trust. The Third Report of the Leverhulme 
Trustees. Pp. 55. (London: The Leverhulme Trust, 1959.) 


and philosophy of science ; the Institute of Common- 
wealth Studies, London, £6,000 for research fellowships 
in economic development in the Colonies; and the 
University College of Rhodesia and Nyasaland £28,000 
to finance inter-collegiate conferences. 

Of the grants to learned societies, research institu- 
tions, etc., those of £4,500 to the British Association 
for the Advancement of Science for an inquiry, 
under Sir Patrick Linstead’s direction, into the 
broadening of the education of those intending to 
become scientists and technologists, and of £8,400 to 
Political and Economic Planning for a study of the 
effects of economic planning on governments and 
administration may be mentioned; in medical 
research, the Royal College of Surgeons received 
£42,000 for research fellowships and scholarships in 
dental surgery; the Middlesex Hospital Medical 
School, £35,000 for scholarships at the Institute of 
Clinical Research ; the London School of Hygiene 
and Tropical Medicine, £14,000 for research in indus- 
trial medicine over four years ; the London College 
of Osteopathy, £12,500 for scholarships ; the Institute 
of Laryngology and Otology, £9,100 for research 
fellowships ; King’s College Hospital Medical School, 
University of Durham, £8,700 for a research fellow- 
ship and the Department of Education of the Deaf, 
University of Manchester, £2,000 for research in 
connexion with the design of hearing aids. St. 
Mary’s Hospital Medical School received £9,500 for 
biochemical research. 
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NVESTIGATIONS into sickle-cell anzmia in 

Nigerian children by R. G. Hendrickse, of 
University College, Ibadan, shows significant dif- 
ferences from experiences recorded by American re- 
search workers (Central African Journal of Medicine, 
6, No. 2; February 1960). 

In Africa the age at onset of severe symptoms is 
earlier ; anzmia tends to be more severe; the in- 
cidence of splenomegaly is higher, and spleens seem 
to be larger; gross hepatomegaly and evidence of 
hepatic dysfunction generally occur at an earlier 
age; limb swellings, especially those involving the 
hands and feet, are common in the early years of 
life, whereas they are rarely reported by American 
authors ; radiological evidence of bone involvement 
is more frequent and the ultimate prognosis appears 
to be worse. 

These differences in general reflect the more rigorous 
conditions under which children live in Africa, but 
certain features of the disease may be attributed to 
specific environmental factors. Spleen sizes are 
probably related to endemic malaria, and the earlier 
onset of liver dysfunction may be related to dietary 
protein deficiency. The characteristic swellings in 
the hands and feet of African infants may well result 
from the customary manner in which African mothers 
carry theic babies. The child is placed astride the 
mother’s back, its legs encircling her waist. The 
position is maintained by a wrapper which covers 
the child and is tied in front of the mother. In this 
position the child’s limbs are pinioned to the mother 
and subjected to steady pressure which probably 
slightly impairs the peripheral circulation. Such 
impairment, while of no consequence in normal 
children, may be sufficient in sickle-cell anzemia to 
provoke intravascular sickling in the extremities, 


ORIGIN OF 


Solar Furnace Glass 


O explore the suggestion that tektites are formed 

by fusion of terrestrial material we have fused 
some rock samples in a solar furnace. These samples 
were collected from the regions where tektites have 
been found in Texas and Georgia in the United States. 
The Texas sandstone was taken from a stratum in 
the Wellborn formation in which embedded tektites 
reportedly had been seen. The black top-soil was 
taken from a location where tektites had been found 
in Grimes County, Texas. The Georgia sandstone 
was collected immediately below the top soil near a 
place where several tektites were discovered. 

_ The sediments were fused in the solar furnace of the 
CS. Army Quartermaster and Engineering Center, 
Natick, Massachusetts', made available to us through 
the courtesy of Mr. Eugene S. Cotton. At the time 
of the experiment, November 20, 1959, 1000 a.m., 
E.S.T., the flux of energy at the focus was 83 calories 
em.* sec.-', as determined from the rise in tempera- 
ture of a blackened metal disk. Each specimen was 
placed in a graphite crucible in the form of a plug. 
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with resultant capillary blockage and reactionary 
swelling. 

While differences in the clinical picture of sickle- 
cell anzemia in Africa and America may be attributed 
to environmental factors, the apparent difference in 
the severity of the disease in different parts of Africa 


cannot be readily explained in the same way. Dif- 
ferences in the age incidence in the Belgian Congo 
and Nigeria are of particular interest. In the Belgian 
Congo more children show signs of the disease 
between the ages of three months and one year than 
at any other period. It has been shown that for 
infants in hyperendemic malarial areas the mean 
parasite-rate rises from about 2 per cent at three 
months to 80 per cent at one year. In the Belgian 
Congo, therefore, it appears that the period during 
which children acquire their first infection with 
malaria coincides with the age during which sickle- 
cell anemia is most frequently diagnosed. This 
suggests that malaria should be considered as a 
possible factor determining the age at which sickle- 
cell anzemia presents in the Belgian Congo. Another 
possible explanation of these age relationships is that 
some of the cases in the Belgian Congo were examples 
of primary malarial anemia in persons with the 
sickle-cell trait. The clinical and hematological 
findings in such cases can closely simulate those 
encountered in sickle-cell anzeemia. None of the cases 
reported from the Belgian Congo by the Lambotte- 
Legrandes was confirmed by electrophoretic studies 
of the hemoglobin. 

The apparent differences in the clinical manifesta- 
tions of sickle-cell anzemia in different parts of Africa 
merit closer study. There are no grounds at present 
for contending that these differences have a genetic 
basis, though this possibility should be borne in mind. 


TEKTITES 


To make the plug the material was crushed, mixed 
with water, moulded and then baked at a temperature 
of approximately 150° C. We added 5 per cent by 
weight of ferric oxide to samples 2 and 3. Sample | 
weighed 100 gm., samples 2-5 weighed 50 gm. 

The exposure time of the samples varied from 59 
to 240 sec., the Georgia samples being heated for a 
longer period of time than those from Texas. Immedi- 
ately after the water-cooled shutter of the solar 
furnaces opened, vapour could be seen rising from 
the sediment, while the front surface of the material 
became luminous and reached white heat in approxi- 











Table 1 
Ex- Weight Weight | 
Sample posure loss glass Fusion 

ki (sec.) (per cent) | (gm.) | (erg/gm.) 
(1) Texas sandstone | 59 11-1 20-9 1-9 x 10" 
(2) Texas sandstone 72 13-6 14:9 1-7 x10" 
(5) Texas topsoil 70 11°6 10-2 23x10" 
(3) Georgia sandstone 120 20-6 146 | 29x10" 
(4) Georgia sandstone 240 20-4 28-2 2-910" | 

















Fig. 1 


mately 10 sec. Bubbling began after approximately 
20 sec. followed immediately by a forward slumping 
of the viscous material. In sample 1, where the glass 
was allowed to pour out of the radiation beam, the 
drips stiffened and solidified within 2 or 3 sec. The 
results of the experiment are summarized in Table 1. 

It can be seen that the Texas material decreased in 
weight by 12 per cent and the Georgia material by 
20 per cent owing to the vaporization of water and 
other constituents. The energy required to fuse 1 gm. 
of glass varied between 1-7 and 2-9 x 10" ergs 
gm.-'. After fusion each sample showed a glassy 
surface with large bubbles, underneath which was a 
hard porous layer. There was also a considerable 
quantity of soft, dry material that had not been fused. 
The specific gravity of the glass droplets, including 
bubbles, from sample 1 was 1-980 gm.-*. The 
scoriacious layer was considerably lower in density ; 
but no measurements were made on this or the par- 
tially fused material. 

There is, of course, no definite temperature at which 
glass melts, and no definite latent heat of fusion. 
We may define the heat of fusion as the energy 
required to raise the temperature of 1 gm. of silica 
glass from 20° C. to 2,000° C., at which temperature 
the glass would be liquid and incandescent. This heat 
of fusion may be estimated by extrapolating the tabu- 
lated values of specific heat* and performing an 
integration. We find the heat of fusion to be 2-1 » 
10° erg/gm. The values determined in the solar 
furnace experiment are ten times higher, the difference 
being largely due to the losses of heat involved in the 
fusion process by radiation, conduction, convection 
and vaporization of material. Nevertheless the effect 
of heat of fusion as determined here is of con- 
siderable interest to any theory of the formation of 
tektites by external application of heat because it is 
the value one might expect when radiation and other 
heat losses occur. 

A photomicrograph (reduced to 4) of a thin section 
of the solar furnace glass, taken with crossed polariza- 
tion at 60, is shown in Fig. 1. The glass showed 
flow lines and bubbles, but we have, as yet, found no 
evidence for lechatelierite particles. Light was still 
transmitted through the specimen when viewed with 
crossed polarization, indicating that the solar furnace 
glass was under considerable strain. Texas and 


Philippine tektites, on the other hand, show extinc- 
tion when viewed with crossed polarization. 


The 
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tektite glass may have cooled more slowly than solar 
furnace glass, or may have annealed at ordinary 
terrestrial temperatures over the long period of time 
that it had rested in the sediments. 

Taking the effective heat of fusion as 2 x 10" 
ergs/gm., one finds that approximately 5 min. must 
elapse before a sphere some 2 cm. in diameter could 
be fused by passage through the upper atmosphere at 
a velocity of 10 km./sec. Single tektites could not be 
fused in the atmosphere, therefore, since an object 
of this size would decelerate in a matter of a few 
seconds. There is sufficient energy for tektites to 
form as drops from the surface of a much larger object, 
but glass objects have never been recovered from the 
590 stone falls already observed*. A meteorite with 
velocity of 20 km./sec. has a kinetic energy of 2 « 10" 
ergs/gm. Thus a meteorite of mass m striking the 
Moon would produce about 10 m (1 — x) gm. of glass, 
where ~z is the fraction of energy dissipated in shock 
waves, crater formation and vaporization of the 
meteorite. A study of terrestrial craters shows that 
x is close to unity. Only a small quantity of glass 
would be produced on the Moon and only a portion 
of this would reach the Earth. Nor do the craters 
seem to be deep enough for the meteorite to have 
uncovered molten material below the Moon’s crust. 
It is more probable for an energy of 2 = 10" ergs/gin. 
to be supplied by terrestrial phenomena such as 
voleanic activity or lightning. 

This work was made possible by a research grant 
from National Aeronautics and Space Administra- 
tion. 
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GERALD S. HAWKINS 
Sumner H. Wo.3Fson 


Boston University Observatory, 
Boston 15, Mass. 
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“Catalogue of Meteorites” (British 
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High-Temperature Fusion of Possible 
Parent Materials for Tektites 


BakER' has recently presented very strong evi- 
dence for an extra-terrestrial origin for australites 
and, by implication, for all true tektites. Once an 
extra-terrestrial origin is established, then the local- 
ized distribution of tektites (particularly the aus- 
tralites) is most readily explained if they have 
originated close to the Earth**. In these circum- 
stances, the most likely origin for tektites is that they 
are portions of the Moon’s crust which were fused 
during large meteorite impacts and then ejected 
from the lunar surface to fall on the Earth‘. 

Certainly as far as their very young ages, most 
physical properties and terrestrial distributions are 
concerned, @ lunar origin for tektites would seem to 
be preferred. However, the most serious stumbling 
block to this theory* is the rather unusual com- 
position of tektites, which some’ authors consider 
shows that tektites are most likely to be fused 
sediments®. The most probable terrestrial sediment 
from which tektites might have formed is a shale, 
and if terrestrial-type shales are the only likely 
parent materials then a lunar origin would seem to 
be out of the question. On the other hand, other 
authors have shown that certain acid igneous 
(granitic) rocks could well have been suitable parent 
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materials for the formation of tektites*. In view of 
the strong possibility that igneous rocks of granitic 
composition may exist on the lunar surface, then a 
lunar origin for tektites would not be unlikely in 
these circumstances. Clearly it is extremely impor- 
tant to establish what rock types are suitable paront 
materials for tektites. 

Although some types of terrestrial shaly sediments*® 
and some types of acid igneous rocks* have com- 
positions similar to those of tektites, the composition 
of the average tektite shows considerable difforences 
from both the average terrestrial shale and the 
average granite (Table 1), so that neither appears to 
be an entirely satisfactory parent material. Of 
course, the assumption that a lunar granitic rock 
would have the same composition as the average 
granite found in the Earth’s crust at the present day 
is unlikely to be completely true since many terres- 
trial granites are probably granitized sediments, and 
almost certainly all terrestrial granites have assimi- 
lated varying amounts of sedimentary and other 
rocks. However, if there is some material of granitic 
composition on the lunar surface, it would most 
likely have formed as a differentiation product during 
a partial or complete melting of the Moon. There is 
some geological evidence which suggests that the 
Earth’s primitive continental masses were composed 
of granitic material formed during an early-stage 
partial or complete melting of the mantle, although 
no uncontaminated samples of this material are 
available for comparison with tektites. In the search 
for possible parent material for tektites, another 
approach would be to compare possible lunar surface 
rocks with acid igneous rocks which are believed to 
form as the result of differentiation of more basic 
magmas in the Earth’s crust. In these circumstances, 
perhaps, a suitable rock type would be the acid 
granophyres often found associated with basic 
magmas, and which many petrologists believe are 
acid differentiates of these magmas, although some 
granophyres may be sedimentary and other rocks 
mobilized during intrusion of the magmas. Analyses 
of thirty-five acid granophyres from the available 
literature have been averaged in Table 1, and in 
many ways these rocks do appear to be more suitable 
parents for tektites than the average granite, par- 
ticularly in that the total iron content of the average 
granophyre is much closer to that of the average 
tektite. However, the data in Table | also indicate 
that the sodium monoxide and potassium monoxide 
contents of the granophyres are higher, and the 
calcium oxide and magnesium oxide contents lower, 
than that of the average tektite. 

In all comparisons of tektites with the various 
possible parent materials, the tacit assumption has 
been made that the process of tektite formation has 
involved only simple melting, so that both parent 
rock and tektites would have the same overall com- 
position. However, if tektites have, in fact, formed 
at the site of large meteorite impacts then tem- 
peratures up to 100,000° C., far in excess of simple 
melting temperatures, have operated over consider- 
able areas around the impact site’. Under these 
conditions it would seem likely that selective 
volatilization of certain elements could have taken 
place during the formation of tektite glass, so that 
parent rock may well have had a composition 
significantly different from that of the tektite glass. 
It is reasonable to assume that the relative volatilities 
of the elements during the formation of tektites would 
correspond to the boiling points of their normal 
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Table 1. AVERAGE COMPOSITION OF TEKTITES, TERRESTRIAL SHALES, 
GRANITES, AND ACID GRANOPHYRE DIFFERENTIATES OF BASIC 
MAGMAS 

[ II Iit IV 
Average Average Average Average acid 
tektite shale granite granophyre | 
SiO, | 73-4 63-9 72°5 73-6 
Al,O; 12°4 17-0 13-9 12 °6 
Fe,0, 0-6 4-4 | 0-9 2-1 
FeO 4-4 2-7 | 1-7 1-9 
MgO 2-1 2-7 0-5 0-4 
CaO 2°5 3:4 1°3 12 
Na,O 1°3 1-4 3-1 3°4 
.20 2°3 3°6 5-4 4-2 
TiO, 0-9 0:7 0-4 0-4 
| P,O, — 0-2 0-2 0-1 
MnO 0-1 | tr 0-1 0-1 


| u 





I, average composition of 62 tektites calculated from data collected 
by Barnes (ref. 7). 

Il, average composition of 78 terrestrial shales, recalculated on a 
water and carbon dioxide free basis from Clarke (ref. 8). 

III, average composition of 72 calc-alkaline granites (ref. 9). 

IV, average composition of 35 acid granophyre differentiates of 
basic magmas calculated from published analyses. 


oxides, or, where boiling points are not available, 
can be interpolated from their melting points. 
Consequently, the order of volatility of the major 
constituents of tektites might be expected to be 
approximately magnesium oxide, calcium oxide < 
alumina < silica, ferrous oxide < sodium monoxide, 
potassium monoxide, so that it might be predicted 
that tektite glass would be impoverished in sodium 
monoxide and potassium monoxide, and enriched in 
magnesium oxide, calcium oxide and possibly also 
alumina relative to the parent rock. If the concen- 
trations of the major elements have changed in this 
way during the formation of tektites, then the data 
in Table 1 indicate that although the average shale 
is not a suitable parent material for tektites, the acid 
igneous rocks could perhaps be converted into tektite 
material. 

To establish whether high-temperature fusion of 
granitic rocks would form glasses the compositions 
of which were changed in this way, a powdered 
granite was subjected to a series of fusions in a solar 
furnace at temperatures within the range 1,500- 
3,000° C. A solar furnace was chosen for the experi- 
ments because it provides relatively high tempera- 
tures simply, quickly and cheaply and with no 
possibility that the melts could be contaminated by 
reaction with an enclosing crucible. The granite 
sample chosen was collected at Fenton, Northern 
Territory, Australia, crushed to —100 mesh and 
placed in a large porcelain crucible at the focus of a 
solar furnace which was situated in the grounds of 
the University of New South Wales. at Broken Hill, 
New South Wales. Only a small, centrally situated 
area of the surface of the granite sample was fused 
during each run, and in this way small glassy buttons, 
3 cm. across, 0-8 em. deep, and weighing about 
13 gm., were formed. 

The first glassy buttons formed by melting the 
original granite sample (melting stage 1) were found 
to contain a considerable amount of unmelted 
material. To ensure complete melting, a number of 
melting stage 1 buttons were prepared from the 
powdered granite, and then these buttons were 
crushed and their powder used to form a further 
series of buttons (stage 2). Enough material for a 


complete rock analysis was kept of each melting 
stage and the process was continued until samples at 
each of five stages of melting were prepared, after 
which no material was available for further heating. 
Careful analyses were carried out by A. J. Easton on 
original 


samples of the granite and glass from 








1030 NATURE 


melting stages 3, 4 and 5, but since only small 
amounts of material were available for analysis, only 
single determinations of each constituent could be 
made. The uncertainty of a single determination of 
any constituent is given by the relative deviation of 
that constituent calculated for the particular analyti- 
cal method used. These data had previously been 
determined for each constituent from replicate analy- 
ses of a standard granitic rock (for example, silica, 0-2 
per cent relative deviation ; alumina, 1-4 per cent ; 
ferrous oxide, 0-6 per cent ; magnesium oxide, 3-3 per 
cent ; calcium oxide, 3-1 per cent ; sodium monoxide, 
-7 per cent; potassium monoxide, 2-0 per cent). 
On the basis of these uncertainties the results of the 
analyses of the granite and the glasses (Table 2) are 
strong evidence for the progressive loss of sodium 
monoxide and potassium monoxide, relative enrich- 
ment in magnesium oxide, calcium oxide and 
alumina, and little change in silica and ferrous oxide 
during progressive high-temperature meltings of 
granitic rock. The elemental fractionations observed 
in these experiments have taken place at temperatures 
of only about 2,000° C. so that at the site of meteorite 
impacts where temperatures up to 100,000° C. have 
operated there is ample opportunity for extensive 
fractionation of the constituent elements in the 
directions established in these experiments. It may 
be concluded that rocks of general granitic com- 
position, and particularly the acid granophyre 
differentiates of basic magmas, are suitable parent 
materials for tektites if they have formed at relatively 
high temperatures at the site of meteorite impacts. 
This conclusion is not at all inconsistent. with a lunar 
origin for tektites. 

These experiments, together with new data on the 
distribution of certain trace-elements in tektites, will 
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Table 2. CHANGE IN COMPOSITION OF GLASSES FORMED BY THE 
ROGRESSIVE HIGH-TEMPERATURE FUSION OF A GRANITIC ROCK * 


| 











| Granite Glass 
(Fenton, | : 
Northern Stage 3 Stage 4 Stage 5 
Territory, Melting Melting Melting (partial 
Australia) | | analysis) 
SiO, 75°06 | 75°77 | 75°48 _ 
Al,O,; 12-52 | 13-07 | 13-23 — 
FeO 2-27 2-21 2-22 2-23 
| MgO | 0-63 0-70 0-88 _ 
CaO | 0-74 0-79 0-79 _ 
Na,O | 2-19 2-00 1-99 | 1-04 
| K,0 5-38 | 5-11 5-05 | 5-05 
| Tio, 0-24 0-25 0°25 | 0°26 
P,O, 0-07 0-10 0-11 0°15 
MnO < 0-005 | < 0-005 < 0-005 < 0-005 


* All analyses recalculated on a water-free basis and total iro: 
recalculated as ferrous oxide. Analyst, A. J. Easton. 


be discussed at greater length in a paper to be pub 
lished elsewhere. The solar furnace fusions were ver) 
kindly carried out by A. Segal, and the co-operatio: 
of Prof. C. J. Milner, University of New South Wales 
is gratefully acknowledged in making the furnac: 
available for these experiments. 





J. F. LOVERING 
Department of Geophysics, 
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Canberra. 
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POLYINOSINIC PLUS POLYCYTIDYLIC ACID: 
A CRYSTALLINE POLYNUCLEOTIDE COMPLEX 


By Dr DAVID R. DAVIES 


National Institute of Mental Health, Bethesda, Maryland 


ECENT investigations by Doty et al.’ have 

demonstrated the existence of secondary struc- 
ture within the ribonucleic acid molecule in solution. 
Although it seems evident that the secondary struc- 
ture is the result of hydrogen bonding between the 
bases, the structural arrangement of the molecule is 
not known. X-ray diffraction studies on a variety of 
natural ribonucleic acids were carried out by Rich 
and Watson*. Although the diffraction patterns 
obtained were poorly oriented, they were essentially 
the same regardless of the source of the ribonucleic 
acid, and were identified as characteristic of helical 
material. It is presumed that the X-ray diffraction 
pattern is produced by the same secondary structure 
as observed in solution. 

The synthetic polyribonucleotides, polyinosinic 
acid (poly I) and polycytidylic acid (poly C) have 
been shown to interact in solution to form a 1:1 
complex’, poly (I+ C). X-ray fibre diffraction 


patterns obtained from 1 : 1 mixtures of the polymers 


were found to resemble closely those of natural 
ribonucleic acid. The structure giving rise to these 
patterns we shall call the B form of poly (I + (). 
Extensive model building has failed to provide a 
satisfactory explanation for this poly (I + C) dif- 
fraction pattern, and it was felt that this was 
partly because of the poor orientation of the fibres, 
leading to uncertainties in the dimensions of the 
molecule. 

Attempts have therefore been made to obtain 
better diffraction patterns of this complex, and in 
the course of this investigation fibres were obtained 
which exhibited a new type of pattern (Fig. 1). This 
differs from the B pattern in that the molecules are 
now packed in a crystalline array with sdimewhat 
different spacings. ‘The layer-line spacing Yor the 
crystalline material is 35 A., and the unit screw 
dimensions consist of a translation of 3-0 A. and a 
rotation of 31°. This crystalline form we shall call 
the A form of poly (I + C). 





in 
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Fig. 1. X-ray diffraction photograph of the A form of poly (I+C). 
The fibre is tilted to show more clearly the upper layer lines on 
and near the meridian 


Poly I was polymerized with polynucleotide phos- 
phorylase isolated by methods previously described‘. 
It was dialysed successively against 0-01 M versene 
at pH 7-0, 0-01 M sodium chloride, and ion-free dis- 
tilled water. Poly C was a gift from Dr. Leon Heppel. 
It had been dialysed against distilled water. 

The polymers were dried and weighed. 3-0 mgm. 
of poly C and 3-3 mgm. of poly I were then dissolved 
in 1 ml. of 0-01_M sodium cacodylate buffer at 
pH 6-7. They were mixed thoroughly and the 
solution lyophilized. Fibres were then pulled from 
small amounts of the lyophilized material dissolved 


in distilled water. Examination of these fibres (of 


thickness around 0-1 mm.) showed them to be highly 
negatively birefringent with An < —0-05. 

X-ray diffraction photographs of these fibres were 
taken in a closed fibre camera with specimen to film 
distances of 3-0 and 4-0 ecm. Helium was blown 
through the camera to reduce the amount of scattered 
radiation, and the relative humidity of the helium 
was controlled by passing it first through a gas dis- 
persion tube placed in a saturated salt solution. 

Model building studies indicate that this crystalline 
diffraction pattern (Fig. 1) can best be interpreted in 
terms of a deoxyribonucleic acid-like structure. The 
complex formed is a two-stranded helical structure 
with the ribose phosphate backbones of the two 
strands running in opposite directions as in the 
Watson and Crick structure of deoxyribonucleic 
acid’. The hypoxanthine bases of one strand form 
two hydrogen bonds with the cytosines of the 
opposite strand (Fig. 2) compared with three between 
the guanine-cytosine pair of deoxyribonucleic acid. 

The intense non-meridional layer lines with spacings 
between 3 and 4 A. suggest that the bases are not 
perpendicular to the fibre axis, but are tipped at an 
angle of about 7° to the horizontal. This amount of 
tipping would still enable the fibre to possess strong 
negative birefringence. 

\ peculiar feature of the diffraction pattern is the 
absence of strong intensity close to the meridian on 
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Fig. 2. The arrangement of the bases for the A form of poly (I+C) 


the second and third layer lines. This may be 
tentatively accounted for by the presence of sodium 
cacodylate in the fibres. The strongly scattering 
cacodylate ion placed regularly in the crystal lattice 
can account for the observed absence of strong 
intensity. This region of the diffraction pattern is 
very sensitive to the ionic content of the fibre. If 
magnesium chloride is allowed to diffuse into the 
fibre the main features of the diffraction pattern are 
retained, but the near meridional region of the second 
layer line now becomes strong relative to the first 
layer line, giving an intensity distribution on the 
first three layer lines which is very similar to that 
observed for the A form of deoxyribonucleic acid. 

Fibres of deoxyribonucleic acid show a reversible 
humidity-controlled transition from the A to the B 
form. Since it was suspected that the A and B forms 
of poly (I + C) bore a similar relation to each other 
as the A and B forms of deoxyribonucleic acid, 
attempts were made to obtain such a transition from 
the crystalline poly (I + C) fibres. However, over 
the range of 20-90. per cent relative humidity there 
was no major difference in the diffraction pattern. 
At 98 per cent relative humidity the fibres dissolved 
and at 0 per cent relative humidity the pattern 
became amorphous, but could be changed back to 
the crystalline A form on raising the humidity. 

However, from poorly oriented fibres it was possible 
to obtain a non-crystalline pattern which was similar 
in many respects to the B pattern. The innermost 
regions of these patterns were weak in intensity, and 
this again might be due to the presence of sodium 
cacodylate. Well-oriented fibres inevitably crystal- 
lized. 

The fact that the A and B forms may be found in 
fibres pulled under almost identical conditions sug- 
gests that the B form of poly (I + C) (and therefore, 
presumably, the helical regions of ribonucleic acid) 
may have the same configuration of the base pairs as 
the A form. However, direct evidence for the struc- 
ture of the B form is not at present available and 
will have to await the production of better X-ray 
fibre patterns of this form. Further investigations 
are now being carried out to establish reproducible 
conditions for the production of the two forms of 
poly (I + C). 

I wish to thank Dr. Leon Heppel for the gift of 
some poly C. I am also indebted to Drs. F. H. C. 
Crick and Martin Gellert for many stimulating dis- 
cussions and suggestions. 

1 Doty, P., Boedtker, H., Fresco, J. R., Haselkorn, R., and Litt, M., 
Proc. U.S. Nat. Acad. Sci., 45, 482 (1959). 

s nee Be. and Watson, J. D., Proc. U.S. Nat. Acad, Sci., 40, 759 

* Davies, D. R., and Rich, A., J. Amer. Chem, Soc., 80, 1003 (1958). 

* Ochoa, 8., Special Publication, New York Acad. Sci., 5, 191 (1957). 

5 Crick, F. H. C., and Watson, J. D., Proc. Roy. Soc., A, 223, 80 (1954). 
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A NEW TYPE OF AUTOXIDATION REACTION 


Cause of the Instability of Cytochrome c 
Reductase 


HE majority of flavoprotein enzymes are reason- 

ably stable ; two, however, show an exceptional 
degree of instability, which makes their purification 
and study difficult. Bach, Dixon and Zerfas' found 
that the lactate dehydrogenase of yeast was so highly 
unstable as to prevent them from completing its 
purification, although Appleby and Morton? later 
succeeded in crystallizing it. The cytochrome c 
reductase of heart muscle is likewise very unstable, 
as has been noted by a number of workers since 
its first isolation by Mahler, Sarkar, Vernon and 
Alberty*. 

We have investigated the cause of the instability 
of the cytochrome reductase of pig heart. Simultane- 
ously and independently, Prof. Morton et al. have 
studied the instability of the yeast lactate dehydro- 
genase, as reported in the following communication. 
It will be seen that the instability of both enzymes is 
due to the same cause, namely, a new type of autoxida- 
tion of the flavoprotein. 

We find that cytochrome 
reductase, either in crude ex- 
tract or purified by the method 


fluorescence of free flavin and under certain conditions, 
with strong solutions of purified enzyme, by the forma- 
tion of a white protein precipitate. 

Fig. la shows a series of inactivation curves with 
different oxygen pressures at 0°, from which it is 
clear that the rate of inactivation is proportional to 
the oxygen pressure (Fig. 1b). Fig. 2 shows the 
dependence on temperature, with a constant oxygen 
pressure (air) ; the Q,, is about 2-5, showing that the 
inactivation is not due simply to denaturation of the 
enzyme. 

The results suggest that the protein part of the 
enzyme contains some autoxidizable group which is 
connected with the binding of the prosthetic flavin 
group, that this group exists in the reduced form in the 
intact enzyme, but that when the group becomes 
oxidized by oxygen the protein can no longer bind 
the flavin. The state of oxidation of the flavin 
group itself seems to be immaterial ; the inactivation 
occurs at about the same rate in the presence of 
reduced coenzyme I (which would keep the flavin 
reduced) as in the presence of cytochrome c (which 
would keep it oxidized). 





of Mahler et al.* or by other 
methods, has a half-life at room 
temperature of about 5 hr., and 
even at 0° it is markedly 
unstable. In unsuccessful at- 
tempts to stabilize the enzyme 
we have tested the effect of 
adding a considerable number 
of substances which are known 
to stabilize other enzymes, or 
which for various reasons might 
have been expected to prevent 
the inactivation. Albumin, 
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glycerol, sucrose, histidine, 
glutathione, catalase, cyto- 
chrome c, reduced coenzyme I, 
cyanide, versene, dipyridyl, 
ammonium sulphate in high 
concentrations, tocopherol, 
chloroacetophenone, ferrous or 
ferric salts, riboflavin, flavin 
mononucleotide and flavin-adenine dinucleotide had 
no significant stabilizing effect; alterations of pH 
were also ineffective. 

The instability was finally traced to a reaction 
between the enzyme itself and oxygen, resulting in an 
irreversible inactivation with release of the flavin 
group from the protein. Removal of oxygen renders 
the enzyme stable: if a solution of the enzyme is 
divided into two portions, one is placed in an open 
test-tube and the other in an evacuated Thunberg 
tube, and both are kept at 0° for 4 days, the former is 
found to be inactive while the latter suffers no loss of 
activity. The inactivation in the presence of oxygen 
is accompanied by the appearance of the typical 


50 200 400 600 800 


(hr.) Oxygen (mm.) 


(a) (b) 


Fig. la and b. Effect of oxygen pressure on rate of inactivation of cytochrome reductase 
ato’ c. 


The nature of the autoxidizable group remains 
undetermined. ~-SH groups come to mind, but such 
groups in other proteins are not nearly so sensitive 
to oxygen; moreover the addition of glutathione 
(which should keep —SH groups reduced) fails to 
stabilize the enzyme. The enzyme tontains some 
iron, which might catalyse the autoxidation of —SH 
groups, but if so cyanide, versene or dipyridy! 
would be expected to inhibit the inactivation, Which 
is not the case. No uptake of oxygen coulf be 
measured during the inactivation, but this was to be 
expected. Assuming that 1 atom of oxygen is 
required per molecule of enzyme (m.w. 80,000, 
with 1 flavin group per molecule), as much as 
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5 mgm. of the pure enzyme would take up less than 
1 ul. oxygen. 

The inactivation is not due to the destruction of a 
factor which is necessary only for the reduction of 
cytochrome c; in other words, it is not merely a 
conversion of cytochrome reductase into diaphorase 
as suggested by Mahler‘ as a possible origin of 
diaphorase. All activity of cytochrome reductase 
(including its diaphorase activity) disappears in air, 
while that of diaphorase itself (which has no cyto- 
chrome reductase activity) is quite unaffected, as 
shown in Table 1. The instability of cytochrome 
reductase towards oxygen contrasts markedly with 
the stability of the flavoprotein diaphorase, obtained 
from the same tissue, which suffers no loss of activity 
on exposure to 4 atmospheres of oxygen for some 
hours at 38° (ref. 5). 


Table 1. COMPARISON OF STABILITIES OF DIAPHORASE AND CYTO- 


CHROME REDUCTASE 
(Activities in arbitrary units) 
Time of 
standing in 


air at room 
temperature 


Cytochrome reductase 
tested with 
indophenol cytochrome c 


Diaphorase 
tested with 
indophenol cytochrome c 


0 80 0 72 540 
18 hr. 80 0 ) 0 


In addition to the inactivation by oxygen described 
above, cytochrome reductase is also inactivated by 
light, and for this oxygen is not required. Even the 
ordinary lighting conditions of the bench are sufficient 
to bring about appreciable inactivation. In all the 
above experiments the enzyme solutions were kept in 
darkness. 


Activity (per cent of original) 
4 
| og initial rate 
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cytochrome reductase, which has a half-life of only 
6 min. at this temperature and pressure of oxygen. 


Matcotm Drxon 
J. M. MaynarpD 
P. F. W. Morrow 


Department of Biochemistry, 
University of Cambridge. 
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* Mahler, H. R., Sarkar, N. K., Vernon, L. P., and Alberty, R. A., 
J. Biol. Chem., 199, 585 (1952). 

* Mahler, H. R., “Advances in Enz.”’, 17, 233 (1956). 

* Dickens, F., Biochem. J., 40, 171 (1946). 


Flavin Dissociation and Inactivation of 
Cytochrome b, by Oxygen 


CYTOCHROME b,, the L( +) lactate dehydrogenase of 
baker’s yeast’, is rapidly inactivated in the presence 
of air’-*. The inactivation occurs in the presence of 
substrate, and also with added hydrogen peroxide, 
and is decreased when catalase is added?,,®5. Hydro- 
gen peroxide is not formed in any large amounts 
during short-term aerobic oxidation of lactate by 
cytochrome b, (ref. 5). Cytochrome b, is inactivated 
by cupric ion and by the sulphydry] reagent p-chloro- 
mercuribenzoate, as well as by oxygen®. With all 
these reagents, the enzyme becomes fluorescent. The 
fully active enzyme, which contains both riboflavin 
phosphate and protohzm as prosthetic groups, is not 
fluorescent!,3,*. The inactivation caused by oxygen 
or by cupric ion is apparently irreversible. Neither 

monoiodoacetate (10-* M)* nor 
iodoacetamide (10-* M)? causes 
any substantial inhibition or 
appearance of fluorescence at 
neutral pH values. It has been 
proposed that the flavin of 
cytochrome b, is bound to the 
enzyme by a sulphydryl group 
of the protein, and that this 
‘masked’ group does not react 
with iodoacetate or iodoacet- 
amide?*. The following obser- 
vations give further support to 
this hypothesis and suggest 
that inactivation by oxygen 


; is due to rapid oxidation 








100 
(Min.) 


(a) 


Fig. 2a, Inactivation of cytochrome reductase in air at various temperatures ; Ar 
plot of inactivation of cytochrome reductase in air, from results of Fig. 2a. Initial rate 
is taken as percentage loss in 40 min., corrected for differences in molarity of dissolved 


oxygen at different temperatures 


It is possible that the inactivation of cytochrome 
reductase by oxygen may be important in connexion 
with the ‘oxygen poisoning’ produced by breathing 
oxygen at pressures exceeding 1 atmosphere, which 
has been ascribed to damage to the respiratory system 
of the tissues. Dickens® studied the stability to 
oxygen of several respiratory enzymes, the most 
sensitive proving to be the succinate dehydrogenase, 
with a half-life of 3 hr. at 38° with 1 atmosphere of 
oxygen. This, however, is far less sensitive than 


of protein thiol groups to 
form disulphide bonds. Un- 
less otherwise specified, solu- 
tions were equilibrated with 
commercial ‘oxygen-free’ nitro- 
gen and all manipulations 
were carried out in an atmo- 
sphere of this Traces 
of oxygen were probably 


350 
1/7 x 10° 
(b) 


b, Arrhenius 


gas. 


present. 

Cytochrome b, sedimented in the ‘Spinco’ analytical 
ultracentrifuge as a single component (S®°,o,~ 
8-36 svedberg units) with a symmetrical boundary. 
The solution above the boundary was colourless and 
non-fluorescent. When the same enzyme solution 
was briefly exposed to air, and re-examined in the 
ultracentrifuge, two new components (S40... approx. 
11 and 15 svedberg units respectively) were observed 
in addition to the component mentioned above. 
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Fig. 1. Sedimentation behaviour of cytochrome 6,. Recrystallized cytochrome b, (0-4 to 
1 « 10-* M hem) in 0°3 M sodium lactate, 0:05 M tetra-sodium-pyrophosphate ; 
ethylene diamine tetra acetate, 10-* M:; adjusted to pH 6-8 with hydrochloric acid ; 
ionic strength, 0-63; temperature, 2°-6° C. A, Under anaerobic conditions; B, the 
C, preparation treated with 1 x 10-* M 


same preparation after brief exposure to air; 
p-chloromercuriphenylsulphonate and then exposed briefly to 


exposed briefly to air and then p-chloromercuriphenylsulphonate (1 
The photographs were not taken at equivalent times of centrifugation 


The supernatant was yellow and had a characteristic 
flavin fluorescence (Fig. 1). 

The addition of p-chloromercuriphenylsulphonate 
at about 10-* M to a freshly prepared solution of 
enzyme (approx. 0-7 10-* VV hzem) resulted in the 
appearance of strong flavin fluorescence after about 
20 min. The enzyme sedimented as a single com- 
ponent with approximately the same sedimentation 
coefficient as intact cytochrome ), at the same 
concentration, and the supernatant was yellow and 
strongly fluorescent. When the enzyme treated with 
p-chloromercuriphenylsulphonate was exposed to 
air no further sedimenting components were formed 
(Fig. 1). 

Treatment with N-ethyl maleimide (10-* M) for 
about 45 min. caused about 45 per cent inhibition of 
the lactate—ferricyanide reductase activity of cyto- 
chrome >, and a corresponding appearance of flavin 
fluorescence. 

It appears, therefore, that exposure of cytochrome 
b, to oxygen may cause a rapid dissociation of some 
of the riboflavin phosphate, accompanied by aggrega- 
tion of the protein. The dissociation of flavin and the 
prevention of aggregation by p-chloromercuripheny]- 
sulphonate provide further evidence that the flavin 
is bound to the protein by sulphydryl group(s). The 
aggregation caused by air is attributed to the forma- 
tion of intermolecular disulphide bonds, with a con- 
comitant displacement of the flavin group. Although 
it seems highly likely that the intermolecular disul- 
phide bridge is formed by oxidation of sulphydryl 
groups previously masked by riboflavin phosphate, 
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this has not yet been established 


with certainty. There are approx- 
imately 18 half-cystine residues 
mole of hzm in cytochrome b, (ref. 
8). 

Other workers have _ recently 
shown that the flavin adenine 


D-amino-acid oxidase is bound by 
its flavin to the protein via a 
sulphydryl group®.’*. In this case, 
however, there is also bonding 
between the protein and the adenine 
portion of flavin adenine dinucleo- 
tide. As compared with the few 
known flavoproteins having ribo- 
flavin phosphate as the prosthetic 
group, many of the flavoproteins 
containing flavin adenine dinucleo- 
tide are rather stable and resist 
dissociation of their flavin prosthe 
tic group. 

Since the apoprotein of D-amino- 
acid oxidase is fairly readily reac- 
tivated by flavin adenine dinucleo- 
tide, it is possible that the oxidation 
of unmasked sulphydryl groups to 
disulphide bonds is prevented by 
steric effects. Theorell™ suggested 
that the riboflavin phosphate of old 
yellow enzyme of yeast was bound 
to the apoprotein by a hydrogen 
bond involving the isoalloxazin« 
nucleus and a tyrosine residue of 
the protein. In this enzyme no 
sulphydryl group was detected 
The requirement of a p-chloromer- 
curibenzoate-sensitive thiol group 
for enzymic activity has been 
reported for a number of other flavoproteins'®."’. 

One of us (J. McD. A.) was supported by a Com. 
monwealth Scientific and Industrial Research Organ- 
ization senior post-graduate studentship during the 
course of this work. 


D, preparation 
10~* M) added, 


J. McD. ARMSTRONG 
J. H. Coates 
R. K. Morton 


Department of Agricultural Chemistry, 
Waite Agricultural Research Institute, 
University of Adelaide. 
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LETTERS TO THE EDITORS 


COSMOLOGY 


The Interpretation of Cosmology 


WE have to postulate that every part of the 
universe interacts, directly or indirectly, with every 
other part. We are probably justified in assuming 
that all fundamental interactions are propagated 
with the speed of light. It follows that we see all 
other parts of the universe in the state in which they 
influence our own part of the universe now. There- 
fore we can in principle predict the immediate future 
behaviour of our own part of the universe. 

The situation is quite different as regards any 
remote part P of the universe. We see no other part 
of the universe in the state in which it influences P. 
For example, if P is 10° light-years away and Q is a 
part of the universe 10° light years away in the 
opposite direction, then, if the universe is static, 
whatever influence Q has on ? when we observe P 
depends upon the state of Q at a time 2 10° years 
before Q was in the state in which we observe Q. But 
the universe is not static, and so we know nothing 
from observation about the state of Q@ when Q 
influenced the state of P in which we observe P. 

Were the universe a finite system, we could over- 
come the situation by continuing our observations for 
a sufficiently long, but finite, jtime and then making 
predictions for still later times. But we almost 
certainly have to regard the universe as unbounded. 
Therefore, even in principle, we cannot predict the 
behaviour of a remote part of the universe with as 
much assurance as we can predict that of a nearer 
part. 

This reveals a feature that ought to be built into 
any satisfactory theory of cosmology. Moreover, it 
agrees completely with our intuitive notion that we 
should be able to make predictions about sufficiently 
small parts of the universe, sufficiently near in space 
and time, but that we should be able to do no more 
than describe when we come to deal with regions so 
large that the uniqueness of the universe becomes 
relevant. 

It thus appears that there is an uncertainty in 
cosmology, which may be said to be occasioned by 
the fact that the speed of light is not infinite, that is 
complementary to the uncertainty in atomic physics, 
which may be said to be occasioned by the fact that 
the quantum of action is not zero. 

This feature is not in fact incorporated in current 
cosmological theory. But, if what has been said is 


significant, we seem to be driven to infer that the 
unavoidable uncertainty in any prediction about the 
part of the universe out to any particular distance is 
measured by 1 + z, where z is the cosmological red- 
shift at that distance. (The usual definition is 1 + z 
= wave-length observed — wave-length emitted.) 

Now the difference between the predictions of 
evolutionary and steady-static cosmologies is only in 
factors (1 + z), as was recently shown explicitly by 
P. 8S. Florides and me’. Thus an immediate con- 
sequence of the present view is that the difference 
between these theories loses any meaning. In fact, 
all problems concerning the creation of matter as 
hitherto formulated appear to lose significance. It is 
suggested that this is basically why all efforts to reach 
a decision between the two types of theory by 
observational tests have failed. 

Following these ideas, the ‘cosmological principle’ 
would now assert that the universe as seen by a 
distant observer is like the universe as seen by us 
only to within a factor of uncertainty (1 + z) in the 
description. Thus we should be asserting almost 
nothing about what the universe is like at great 
distances (in space or time). This provides a view of 
cosmology that essentially leaves room for endless 
observational surprises. It seems more satisfactory 
than the recent trend towards a belief that the nature 
of the ‘whole’ universe has already been discovered. 


W. H. McCrea 


Royal Holloway College 
(University of London), 
Englefield Green, 
Surrey. 

May 26. 


* Florides, P .8., and McCrea, W. H., Z. Astrophys., 48, 52 (1959). 


ASTROPHYSICS 


Solar Limb Surges accompanied by X-Ray 
Emission 


SuDDEN enhancements of atmospherics are recorded 
during solar flares'. The extra ionization of the 
lower D region at these times is brought about by 
X-rays emitted from the disturbed solar region*. 

The simultaneous observations in H, line and 
records of atmospherics (27 ke./s.) carried out at our 
observatory indicate a pronounced coincidence in time 


Table 1 





| Limb surge | 








Date | Time (U.T.) Position 
May 8, 1959 6.58 (7.26) + 7.53—(8.02) N.16 E. 90 | 
May 13, 1959 8.56—9.01—(9.23) S. 12 E. 90 
May 13, 1959 (9.25) —(9.36)— ? | 8. 12 E. 90 | 
June 9, 1959 | ~ 16.52 | N.18 BE. 90 | 

(4) ~ 17.40 
July 10, 1959 (15.02) —15.05—(15.30) S. 20 E. 90 
July 11, 1959 12.47—12.48—13.35 | N.15 W. 90 
Aug. 8, 1959 14.05—14,09 +14.36—? | N.13 W. 90 


Sudden enhancements of atmospherics 
(disturbance of D region) 





Time (U.T.) Importance | Reliability Note | 





7.18—7.25—7.47 2 5 1 
8.56—9.02—(9.27) 2+ 5 2 
9,28—9.40—(10.30) 2 5 3 

16.38—16.56—(18.30) 2+ 5 4 
14.56—15.08—(15.50) 1+ 4 
(11.30)—12.40 + 13.50—(14.17) 1+ 3 5 } 
(14.00)—14.22—(14.48) 1 4 6 














Second column : beginning (approximate)—maximum—end of surge. Fourth column: beginning—maximum—end of sudden enhance- 


ments of atmospherics. Sixth column : 
ing radio events. 


(ref. 5). 


degrees of reliability ; fifth the highest reliability. 
(1) 231 Me./s. (Ondfejov), 200 Me./s. (ref. 5); (2) 536 Mc./s. (0); (3) 536 Mc./s. (0); (4) 69,760 Me./s. (ref. 4), 9,400 Mc./s. 
(ref. 6), 2,930 Mc./s. (ref. 5); 2,800 Mc./s. (ref. 4), 1,500 Mc./s. (ref. 6), 545 Mc./s. (ref. 5), 200 Me./s. (ref. 5) ; 


Seventh column : notes refer to eventual accompany- 


(5) 808 Me./s. (0); (6) 200 Me./s. 
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of sudden enhancements of atmospherics with surge 
appearances*. Projected on the disk the surges are, 
as a rule, connected with some bright H, event in 
the underlying chromosphere (flare, plage brighten- 
ing). We selected from our observations only those 
limb surges the disturbed underlying chromospheric 
region of which was behind the limb on the back side 
of the Sun. From these limb surges we excluded 
those coinciding in time with some other H, event 
on the Sun, in order to eliminate ambiguity. The 
list of the remaining limb surges accompanied by 
sudden enhancements of atmospherics and eventually 
by radio radiation is given in Table 1. 

We conclude that the sudden enhancements of 
atmospherics accompanying the limb surges could be 
interpreted as X-ray radiation emitted by the 
adjacent region of the solar corona. * 

J. KLEeczEK 
L. Kkivsky 
Astronomical Institute, 
Ondiejov, 
Czechoslovakia. 
Feb. 19. 
' Ellison, M. A., J. Brit. Astro. Assoc.. @, 127 (1959). 
* Friedman, H., Joint Discussion on Astro. Observations by Artificial 
Satellites, Tenth Gen. Assoc. Intern. Astro. Union, Moscow (1958), 
* Ktivsky, L., and Letfus, V., Bull. Astro, Inst. Czechosl., 11, 53 (1960). 
* Coates, R. J., Covington, A. E., and Edelson, S., Astron, J., 64, 326 
(1959). 
* Solar Gocnhoctenl Data, Netherlands PTT. 
* Beobachtungsergebnisse Heinrich-Hertz-Institut. 


Rocket and Satellite Observations of the 
Solar Ultra-violet Spectrum 


THe Lyman lines of hydrogen, as well as the 
corresponding lines of He I and He II, are of interest 
both as tools for analysing the solar atmosphere and 
as energy sources for the terrestrial ionosphere. So 
far, interest in these lincs has centred mainly around 
the Lyman-« lines because of their greater strength. 

Rocket and satellite programmes are under way 
for the continuous monitoring of the energy-flux 
and the accurate determination of the profiles of the 
Lyman-z« lines. It is the purpose of this communication 
to direct attention to the unusual importance of 
parallel observations of the Lyman- lines. 

In the Doppler core of a line, the source-function, 
S, may be written in the form: 

+ ¥ 

S > +5 
where B is the Planck-function, y is slowly dependent 
upon electron density and kinetic temperature, and 
8 and p are dependent upon the opacity as well as 
electron density and temperature. Our interest here 
lies in the evaluation of p, which represents the net 
rate of radiative transitions in the line normalized 
to unity in the case of no absorptions. 

The evaluation of p requires integration of the 
equation of radiative transfert. At + = 1, op > 8. 
However, the explicit value of p depends markedly 
on the temperature gradient in the regions of the 
atmosphere for which 1 < + < (38)-'?. In the case 
of the Lyman-« lines, (38)-'/* 2 10? for H and He I 
and > 10‘ for He II. On the other hand, for the 


Lyman-8 lines (38)-!/? ~ 2. Thus, the intensities 





near the centres of the Lyman-a lines are influenced 
by the temperature structure throughout a large 
range in t, whereas the intensities near the centres 
of the Lyman-8 lines are determined primarily by 
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the ‘local’ conditions at t = 1 in the solar atmosphere. 
For this reason, data for the Lyman-8 lines present 
@ much stronger supplement to Lyman-« data than 
if the two lines behaved in the same way, and the 
analysis of one line will be greatly facilitated if data 
for the other line are available. 

A more detailed report of this work will appear 
elsewhere. 


R. Grant ATHAY 


High Altitude Observatory, 
University of Colorado, 
Boulder, Colorado. 


* Jefferies, J. T., and Thomas, R. N.; Astrophys. J., 127, 667 (1958) 


PHYSICS 


Silver-activated Nitrocellulose as Recording 
Material for X-Ray Microscopy 


ELECTRON optical enlargement of X-ray absorption 
micrographs has been discussed by Pattee! and 
Asunmaa*. A contact micrograph is recorded on a 
thin layer of material sensitive to X-rays in which 
the absorbed radiation promotes physical or chemical 
changes that modify the areal electron density. For 
example, there may be a decomposition resulting in 
soluble products which are afterwards removed?®. 
A relief image with details of submicroscopic scale 
then shows an electron optical contrast. For electron 
optical enlargement of an X-ray absorption micro- 
graph (instead of a replica of it) certain conditions 
are necessary, particularly if the electron micro- 
graph is to reproduce the quantitative properties 
of the X-ray absorption images’. 

Most film materials thin enough for recording 
X-ray images with good resolution and suitable for 
use in transmission electron microscopy as specimens 
with so-called characteristic thickness are radig- 
graphically slow. Recording speed can be increased 
by additional absorbents and by selection of radia- 


tion-induced reactions with considerable quantum 
yield. 
Nitrocellulose activated by a radiation trap 


(inorganic crystals or organic degradative dyes in 
alkaline or acidic media) meets the requirements for 
recording speed and has been found to possess other 
suitable properties such as reduced sensitivity after 
development of the X-ray record. The irradiated 
areas of the film are efficiently destroyed, because 
of the sensitivity of the B-glucosidic bond of cellulose 
to ultra-violet and X-ray energy, and because of the 
autocatalytic degradation of the cellulose nitrate, 
which is accelerated by radiation, to form products 
of low molecular weight through depolymerization, 
denitration and hydrolytic degradation. A subsequent 
fractionated extraction removes the main part of the 
degradation products from the polymer matrix and 
the small molecules diffuse readily in the solvated 
solid. X-ray absorption by the polymer is favoured 
by the uniform distribution of compaunds sensitive 
to radiation, namely, tetrazolium chloride in previous 
experiments’, or submicroscopic silver halide crystals 
in a so-called Goldberg emulsion, known for itsefine 
grain in photographic processes‘ and now utilized for 
its nitrocellulose component. 

Goldberg emulsion was produced by mixing lithium 
chloride and silver nitrate solutions to form silver 
chloride dispersed in an acidic medium of 2 per cent 
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nitrocellulose (10-8-12-2 per cent nitrogen) in a 
mixture of ethanol and ether. Uniform films, about 
1000 A. thick, were cast and irradiated on a glass 
surface under atmospheric conditions as well as in 
high vacuum through test objects in direct contact 
with the recording film. The X-rays originated in 
a 10-30-u focal spot 2 mm. from the recording 
material in a microfocus X-ray tube or from an 
electron beam (‘Hitachi HU-10’) using its diffraction 
stage as target holder and 20 kV. acceleration. 
Exposures ranging from 10 min. to 1 hr. were used, 
dependent on the spectrum and intensity of the 


X-rays. Mainly aluminium K and nickel L radiation 
were used, 
Radiolytically reduced metallic silver gave a 


direct visible image, but this optical contrast does 
not correspond to differences in electron scattering. 
The electron optical contrast was produced by treat- 
ment of the film with a 2 per cent solution of sodium 
cyanide in 20 per cent methanol. The silver and the 
silver salts were removed as water-soluble cyanide 
complex compounds. Lithium chloride and the main 
fraction of the degradation products were dissolved 
away through the methanol-swollen film. The re- 
maining solvent-resistant polymer produced a relief 
image with differences in mass thicknesses. This 
relief film was less sensitive to subsequent electron 
bombardment than the corresponding image recorded 
on pure nitrocellulose. 

The X-ray records were magnified in an electron 
microscope using a low-intensity 50-kV. or a 30-kV. 
electron beam (‘Hitachi HU-10°). The rendering of 
the edges of the X-ray records of metallic objects 
(bars of a 1,500/in. silver grid) and of silica diatoms 
was fairly sharp in the electron micrographs (Figs. 
1 and 2), showing that the X-ray effect was well 
confined on film areas receiving radiation. An energy 
transfer along a polymer chain to its most sensitive 
links thus did not limit the resolution. Gradations 
of photographic density in Fig. 2 correspond to 
graduated X-ray dosage; this makes X-ray absorp- 
tiometry possible, if suitable calibration can be 
employed. Fig. 3 shows an electron optical enlarge- 
ment of an X-ray absorption micrograph of one 
diatom hole. The submicroscopic net bars, respect- 
ively about 600A. and 300A. wide (as illustrated 
in Fig. 4), are resolved, so a resolution better than 
600 A. is obviously attained. These dimensions are 
still more than one order of magnitude larger than 
the electron optical resolving power applied, and the 
net bar images therefore are suitable for the study 
of scattering contrasts (Streuabsorption’). 





Fig. 1. Electron optical enlargement of an X-ray absorption 


micrograph of a 1,500/in. silver grid. Over-exposed to X-rays, 
supporting filin broken 
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Electron optical enlargement (x 1,600) of an X-ray 

absorption micrograph of a part of a diatom. Note the graduated 
X-ray effect 

Electron optical enlargement ( x 19,000) of an X-ray 

absorption micrograph of a submicroscopic net in the hole of a 


Fig. 2. 


Fig. 3. 


diatom 
Electron micrograph ( x 6,400) of submicroscopic net 
structures in diatom holes 


Fig. 4. 


The acceleration of the irradiation-induced re- 
action by the inorganic components is probably 
produced by photoelectrons and by re-radiation when 
silver ions trap electrons which have been liberated 
by X-ray absorption. Since oxidation is negligible, 
the method can be applied to irradiation in air as 
well as in high vacuum. The reduced sensitivity to 
radiation of the final record is probably produced by 
an initial overall polymerization during the induction 
period of the main irradiation reaction. There has 
been no attempt to measure the submicroscopic 
distortion which ‘development’ and irradiation pro- 
cesses may cause in the dimensions of the record. 

I thank Prof. P. Kirkpatrick and Dr. P. V. Laakso 
for their interest. 

This work was supported by the Office of Naval 
Research under Contract Nonr-225(42). 


SAARA K. ASUNMAA 


W. W. Hansen Laboratories of Physics, 
Stanford University, 
Stanford, California. 
* Pattee, jun., H. H., Stockholm X-ray Symposium 1959 (Elsevier 
Pub. Co., Amsterdam) (in the press). 
* Asunmaa, 8. K., Stockholm X-ray Symposium. 
* Ladd, W. A., and Ladd, M, W., “X-ray Microscopy”’, 383, edit. by 
Cosslett et al. (Academic Press, New York, 1957). 
* Goldberg, E., Z. tech. Phys., 7, 500 (1926). 
* vy. Borries, B., and Lenz, F., Electron Microscopy, Proceedings of 
Stockholm Conference, 1956, p. 60 (Academic Press, New York, 
1957). 


Intrinsic Recombination Radiation in 
Diamond 


DETAILED observations have been recently reported 
of radiation emission in germanium and silicon, which 
has been interpreted in terms of exciton recombina- 
tion with emission and absorption of phonons'.*. In 
view of the similarities between these substances and 
diamond, it is of interest to look for analogous emission 
in the latter. 

The visible luminescence spectrum of diamond 
consists mainly of a broad blue band, having its 
maximum at about 4400 A. (2-8 eV.) and a complex, 
green--red system. The distribution of energy between 
these two regions depends markedly on the speci- 
men, and the emission is thought to be connected with 
vacancies and substitutional impurities. Recent ultra- 
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Fig. 1. Spectrum of intrinsic recombination radiation from 
diamond 


violet absorption measurements* indicate that the 
threshold energy for indirect transitions between the 
valence and conduction bands is approximately 
5-4 eV. at room temperature. This is some five 
times greater than the energy-gap for silicon, and it 
is to be expected that intrinsic radiative recombina- 
tion will be an improbable process when compared 
with recombination via the centres mentioned above‘. 

We have observed ultra-violet emission from a 
strongly blue-luminescent diamond which showed 
weak, ultra-violet transmission up to a quantum 
energy of 5-50 eV. The luminescence was stimulaced 
by direct carrier injection, using an alternating 
potential of 150 volts at 50 c./s. applied between 
electrodes of colloidal graphite painted on to opposite 
faces of the crystal, which were 1-5 mm. apart. The 
diamond was mounted directly over the entrance slit 
of a Hilger medium quartz spectrometer. The 
spectrum was detected by a specially selected, low- 
noise, quartz-window photo-multiplier (EMI. 6256B) 
and recorded on a Brown strip-chart recorder. 

The radiation emitted has a maximum energy of 
about 5-6 eV., and intensity maxima occur at energies 
of 5-278 + 0-002 eV. and 5-125 + 0-005 eV. The 
peak intensity at 5-278 eV. is of the order of 0-1 per 
cent of the intensity at the maximum of the blue 
band at 4400A. In view of the large effective slit- 
width employed, extrapolation of the low-energy 
sides of the intensity maxima to the energy axis is 
uncertain. The energies obtained in this way should 
be those associated with transitions involving recom- 
bination of excitons having zero velocity, with 
phonon emission. Analysis of the shape of the 
5-278-eV. peak, using the method of Haynes e¢ al.', 
indicates that the recombination probability for the 
excitons is proportional to 1/7, where v is the exciton 
velocity and n lies between 1 and 2. 

The visible luminescence appeared to be concen- 
trated in a small region of diameter approximately 
100. situated close to the crystal surface on the side 
facing the spectrometer slit, nd it is presumed that 
the ultra-violet emission also originated at this point. 
Unfortunately, no other diamond was available which 
showed intense electroluminescence at voltages suffi- 
ciently low for measurements to be carried out at 
atmospheric pressure without interference from air 
discharges. However, it is hoped to carry out further 
investigations in the near future, using an electron 


- - . Tab 
beam to excite the free carriers. Attempts to assign Cor 
phonon energies to the transitions will be delayed 
until these measurements and more unambiguous mye 
ultra-violet absorption data are available. 

J. C. Mate 
J. R. Prior 
Wheatstone Laboratory, 
King’s College, 
Strand, 
London, W.C.2. I 
1 Haynes, J. R., et al., J. Phys. Chem. Solids, 8, 392 (1959). a 
* Haynes, J. R., Phys. Rev. Letters, 4, 361 (1960). — 
* Clark, C. D., J. Phys. Chem. Solids, 8, 481 (1958). ties 
* Rose, A., “Photo-conductivity Conference”, 15 (J. Wiley, 1955). cTos 
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Detection of Negative lons formed by hen 
Charge Transfer “ 

pot 
WE have reported recently the results of a series mol 
of measurements of the electron loss cross-section for the 
hydrogen atoms of 5-40 keV. energy in various elec 
gases'.*. The method employed is capable of some Ay 
precision, and the cross-sections obtained are accur- pea 
ate, we believe, to within 2-3 per cent. As a result to 
we have been able to determine that in hydrogen sinc 
and in carbon monoxide the cross-section does not diss 
vary smoothly with energy, but has a number of alsc 
large fluctuations. In the carbon monoxide cross- for1 
section, for example, there are nine maxima in the hyd 
region 8-40 keV. The magnitude of the oscillations V 
is of the order of 10-'* cm.? in a total cross-section of desi 
the order of 1-5 x 10-'* cm.?. gas 
On the other hand, the cross-section shows no pas 
such variation for argon. Thus it seems likely that fact 
the sudden increases which occur in the cross-section The 
for electron loss are associated with a process which and 
leaves the electron attached to the target molecule heli 
or a fragment of it after the collision rather than*in a det: 
free state. The lack of resonances in argon indicates in \ 
that this is the cause of the increases rather than sect 
some other inelastic process such as excitation of the to | 
target molecule, which might also reduce the chance we 
that the electron emerge from the collision still at 1 
attached to the incident proton. cro 
Furthermore, we have constructed a model of a ato’ 
collision process which results in the formation of a sari 
negative ion of the target gas, and seems to give is 1 
rather impressive numerical results. According to neg 
this model, an extra electron-loss channel is opened whi 
leading to the formation of negative ions when the I 
target molecule has a positive electron affinity. As at 1 
a hydrogen atom approaches a molecule the electron fort 
to be captured first makes a transition to the con- ext: 
tinuum. This leaves it travelling toward the target mo; 
molecule and somewhat faster than the proton with was 
a velocity Vg + AV, where Vg is the initial velocity 0- 

of the hydrogen atom in the laboratory. The kinetic 
energy of the electron in the laboratory ig then Tab! 

m(Vq_ + AV)*/2, and it behaves in the rest of the 
“'- . ‘ ‘ The 
collision just as @ free electron. * There is a high sect 

probability that it can be captured if this energy is 
sufficient to produce a negative ion state of the target aye 

molecule in accordance with the operation: of the 

Franck-Condon principle. The cross-section “should, 

however, be very much larger. than the analogous 

free-electron process because of the proximity of the 





proton. Energy and momentum balance can readily 
be achieved. 
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Table 1. THRESHOLDS OF ELECTRON-LOSS CROSS-SECTION PEAKS AND 
CORRESPONDING ELECTRON-ENERGY COMPARED WITH EXPECTED 
APPEARANCE POTENTIALS FOR NEGATIVE IONS 


Hydrogen energy Electron energy Appearance potentials 
(keV.) (eV (eV.) 


No. 4730 











8-10 6-59 
12-55 9-71 9°66 C?P)+0- 
14°45 11-03 10-92 C?D)+0- 
16-6 12-5 12°34 C(S)+0- 
23-50 17°15 1711 C* - 
28°77 20 65 20-93 Ct*P)+O-+e 
32-4 23 30 23-40 or 23°63 C-+O*+e 
35-40 25°25 
36-9 26°12 26°26 Ct(*P)+O-+e 


It was found that if AV was assumed to be a linearly 
increasing function of Vq—and the same function 
for hydrogen, carbon monoxide and water impuri- 
ties in the hydrogen experiment—almost all the 
cross-section peaks could be associated with the 
various possible negative ion states of hydrogen, 
water and carbon monoxide. Table 1, reproduced 
here from @ previous communication? for the sake 
of completeness, shows the predicted appearance 
potentials of various negative ion states of carbon 
monoxide, and the observed thresholds in terms of 
the energy of the hydrogen atom and the associated 
electron-energy computed on the basis of our model. 
A particularly notable feature of Table 1 is that the 
peak in the cross-section near 10 keV. must correspond 
to the formation of the bound molecular ion CO- 
since the electron-energy is less than 9-66 eV., the 
dissociation energy of CO-. It is to be remarked 
also that only one peak appears to correspond to the 
formation of C-, namely, that at an energy of the 
hydrogen atom of 33-82 keV. 

We have constructed a simple mags-spectrometer 
designed to detect whatever ions are produced in a 
gas through which a fast atomic or ionic beam is 
passed. We have found that negative ions are in 
fact formed in certain gases by fast hydrogen atoms. 
These gases are hydrogen, carbon monoxide, water 
and oxygen. No negative ions could be detected in 
helium, argon or nitrogen. In hydrogen we have 
detected H-; in carbon monoxide, C-, O- and CO- ; 
in water, H- and O-; and in oxygen, O-. The cross- 
sections for the formation of negative ions appear 
to be very large, as we expected. In fact in CO- 
we have found them to be of the order of 10-'* cm.? 
at the maxima and to vary in the same way as the 
cross-section for electron-loss for the hydrogen 
atoms; that is, maxima and minima occur-for the 
same hydrogen atom energies. The relative variation 
is much larger in the cross-section for formation of 
negative ion. There are, of course, other processes 
which contribute to the cross-section for electron-loss. 

In Table 2 we present an analysis of the ions found 
at various atomic beam-energies. The relative-rate of 
formation for the various species is obtained by an 
extrapolation to zero carbon monoxide pressure. At 
most energies it was found that a weakly bound CO- 
was formed which inevitably broke up into C and 
O- before reaching the magnet of the mass spectro- 


Table 2. NEGATIVE IONS FORMED BY THE PASSAGE OF HYDROGEN 
ATOMS THROUGH CARBON MONOXIDE AT VARIOUS ENERGIES 


The relative rates of production of the various species and the cross- 

sections for formation of negative ions where they have been measured 

are also given 
Ionic species 


Hydrogen energy Cross-section 
5 (cm.*) 


keV.) 

12.00 CO- (98 per cent) O- 1s xy 
13-07 O- co- — O- 

13°75 O~ (98 per cent) CO-— O- 1-1 x 10" 
14-34 O- (91 per cent) CO- 0-22 x 10-"* 
16°29 O- (90 per cent) CO- — O- 1-26 x 10-** 
17°42 O- (82 per cent) CO-— O- 0-33 x 10-** 
30°71 mett. = 20 co- — O- 

33 ‘82 mMeft 20 co- — 0O-,C- 
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meter. This species is denoted by the symbol 
CO--—» O- in Table 2. On the other hand, as pre- 
dicted, the predominant ion in the 12-keV. peak is a 
firmly bound CO- ion. C- is found at one energy 
only, namely, at 33-82 keV., again as predicted. 
The total cross-sections for formation of negative 
ions are given where they have been measured. 

_ It appears that this process is by far the most 
effective yet found for formation of negative ions. 
It ought to play an important part in the upper 
atmosphere—particularly during aurore—and _ in 
stellar atmospheres. It should be noticed that such 
processes as: 





H +O-—-O-+ H* 


would also appear to be possible because of the 
presence of the proton. Finally, the results of the 
ion analysis appear to confirm the validity of the 
model we have presented. The nature of the events 
leading to the formation of the loosely bound CO 
species remains, however, unknown. 

The work reported here was supported in part by 
the Office of Naval Research and the Office of 
Ordnance Research, U.S. Army. 


T. M. DonanvuE* 
F. HusHrar 


Physics Department, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania. 


* John Simon Guggenheim Fellow, Service d’Aeronomie, Observa- 
toire de Meudon, 8.-et-0., France. 


* Curran, R., and Donahue, T. M., Phys. Rev. (to be published) ; 
Bull. Amer. Phys. Soc., Ser. U1, 4, 234 (1958). 
* Donahue, T. M., and Hushfar, F., Phys. Rev. Letters, 3, 470 (1959). 


GEOLOGY 


West-Pacific Stratigraphic Correlation 


Tue development of reliable methods of world-wide 
stratigraphic correlation involves the gradual replace- 
ment of empirical and traditional ‘index fossils’ by 
zonal index species selected on the basis of carefully 
analysed factors concerning their evolution and 
distribution. This approach favours abundant 
fossils to which statistical methods of population 
study can be applied, such as Foraminifera ; rapidly 
evolving lineages, such as larger Foraminifera ; and 
widespread forms, relatively independent of facies, 
such as planktonic organisms. It also necessitates a 
major effort to clarify stratigraphic terminology and 
classification which is expected to be significantly 
advanced soon as a result of the work of the Commis- 
sion on Stratigraphy of the International Geological 
Congress. The framework of the conventional strati- 
graphic subdivisions of geological time, dating back to 
the time when geological knowledge began to accum- 
ulate long ago in Europe, is found to lack precision and 
to suffer from other deficiencies when attempts are 
made to accommodate in it the results of precise 
stratigraphic correlation in previously unknown parts 
of the world. Patient co-operative work of strati- 
graphers and paleontologists in different continents 
is required in order to overcome the difficulties and 
misunderstandings resulting from an over-extension 
of weakly founded terms and concepts. As Gignoux' 
has stated, it is essential first to establish local 
stratigraphic sequences (on a rock stratigraphic and 











1040 NATURE 


zonal biostratigraphic basis, I might now add) and 
to generalize them only cautiously. 

“Much of the correlation of mid-Tertiary Indo- 
Pacific foraminiferal assemblages depends at present 
on the recognition of the Globigerinatella insueta— 
Globigerinoides bisphericus zone. Its significance for 
the Pacific region was first recognized by Todd et al.?, 
who found it represented on Saipan. ‘The subsequent 
publication of the geology of Saipan by Cloud e¢ al.* 
now enables the stratigraphic relations of this fauna 
to be examined more closely‘.’’ In a recent contribu- 
tion to a stratigraphic handbook‘ I mentioned briefly 
an alternative view of the relations of this zone fauna 
from the Mariana Islands which links the Tertiary 
of the West Pacific with that of the West Indies. It 
appears now that the original assumptions have led 
to confusion in the interpretation of important 
further discoveries. A brief discussion of the problem 
and its solution is therefore here presented. The 
G. insueta-fauna was found in tuffs (later named the 
Fina-Sisu formation) which were stated to dip 
beneath sub-horizontal limestones (Tagpochau Lime- 
stone) that contain larger Foraminifera considered to 
be of Tertiary e (early Miocene) age. The fauna 
found in the vicinity of the tuff outcrops, as quoted 
in the original paper by Todd et al. and later described 
by Cole‘, does not contain restricted e-stage species. 
Only Cycloclypeus eidae Tan, “‘Eorupertia semiornata 
(Howchin)” (not figured from this locality), Lepi- 
docyclina sumatrensis (Brady), L. verbeeki Newton 
and Holland, Miogypsina thecideaeformis Rutten, 
Gypsina mariannensis Hanzawa and Marginopora 
vertebralis (Quoy and Gaimard) occur at the relevant 
localities. This is definitely not an e-stage but an 
{-stage assemblage, in terms of the letter-classification 
of the Indonesian Tertiary. Older faunas were found 
elsewhere in the Tagpochau Limestone, and for this 
reason Cole placed the entire formation in the e-stage 
which he considered as Lower Miocene. The tuffs 
representing the zone of Globigerinatella insueta were 
accordingly placed in the Oligocene. This dating 
agreed with the then accepted correlation of this 
unit in the zonal sequence of the West Indies, but 
disagreed with subsequent revisions of the dating of 
the Tertiary of the West Indies by Eames, Drooger 
and others, according to whom the insweta-zone is 
either upper Aquitanian’ or upper Vindobonian. 
This disagreement disappears if the Fina-Sisu tuffs 
in the southern part of Saipan are considered, as they 
should be on the evidence of published data, as over- 
lain not by the basal part of the Tagpochau Limestone 
(this was assumed implicitly by Todd et al.) but by 
its highest portion which is to be placed in the f-stage. 
Interbedding of tuff and limestone is an alternative 
which does not appear to be inconsistent with the 
detailed map’. 

A close association of the planktonic Foraminifera 
of the G. bispherica zone with f-stage larger Foramini- 
fera has just been described by Cole, Todd and 
Johnson* from Yap in the Caroline Islands. The 
previous assignment of these two groups of fossils to 
different zones, stages and even series on Saipan made 
it necessary for the authors to consider carefully 
possible alternatives, but these did not include a 
revision of the field relations, and their concluding 
statement (p. 91) reads as follows: ‘These rejected 
possibilities leave us with scarcely anything more than 
the conclusion that we cannot explain the conflicting 
evidence of age from the larger and smaller Foramini- 
fera on Yap”. Actually, the evidence from Saipan 
as re-interpreted here, together with new data from 
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Australia and old records from Borneo®, indicate 
that the distinctive benthonic larger Foraminifera 
characterizing the f-stage and the planktonic smaller 
Foraminifera of the G. bisphericus zone (= upper 
Globigerinatella insueta zone) are closely associated 
throughout this region. They also indicate the post- 
Aquitanian age of these assemblages‘. A discussion 
of the discrepancy between this dating and the placing 
of the same zone in the Aquitanian’ must await 
publication of fuller details. 
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M. F. GLAESSNER 


University of Adelaide, 
South Australia. 
May 19. 


? Gignoux, M., “Géologie stratigraphique”, fourth ed., 599, footnote 2 
(Paris, 1950). 

* Todd, R., Cloud, P. &., Low, D., and Schmidt, R. G., Amer. J. 
Sei., 252, 673 (1954). 

* Cloud, P. E., Schmidt, R. G., and Burke, H. W., U.S. Geol. Survey, 
Prof. Paper 280-A (1956). 

* Glaessner, M. F., J. Geol. Soc. India, 1, 58 (1959). 

5 Glaessner, M. F., in “Handb. d. Stratigraphischen Geologie’’, edit. by 
Lotze, F., 3 (1), Tertiary, first part, 303 (1959). 

* Cole, W. S., U.S. Geol. Survey, Prof. Paper 280-I, 321 (1957). 
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* Koch, R., Ecologae geol. Helv., 19, 732 (1926). 


GEOCHEMISTRY 


Exposure Ages for Iron Meteorites 


THE rare gases in iron meteorites induced by 
cosmic rays can be used to obtain estimates of the 
exposure ages of the meteorites'-*. The rare-gas 
nuclides are formed by the nuclear reactions induced 
by high-energy cosmic-ray particles at a presumably 
constant rate in time and space. The rate is, however, 
dependent on the depth at which the sample being 
investigated is below the surface of the meteorite ‘in 
its flight through space. This depth is dependent on 
the absorption of the cosmic-ray particles by the 
meteorite. 

In general, in order to estimate an exposure age, 
one needs a rate of production of a given nuclide and 
its total content in the meteorite. The activity-level 
of a radionuclide with a half-life short compared to 
the exposure age (usually 100-1,000 x 10° years) 
furnishes a measure of the rate of production ; while 
modern mass-spectrometric techniques make possible 
the measurement of the rare-gas content of meteorites 
using of the order of 0-1 gm. per sample. However, 
the present methods being used for detection of radio- 
active products require of the order of 100 gm. per 
sample. As a result there are considerably more 
rare-gas measurements than radioactivity measure- 
ments. Recently such rare-gas measurements have 
been used to estimate exposure ages! by assuming al! 
meteorite specimens are in the same cosmic flux. 
That is, it is assumed that the depth of a sample in 
the original body in space is never @ufficiently large 
to cause a great variation in the production-rate of 
cosmic rays. While there is some evidence that this 
is the case for stone meteorites, it is certainly aot the 
case for the iron meteorites, and any estimate based 
on a constant production-rate can, in a given case, 
be in error by more than an order of magnitude. It 
would clearly be desirable to have a method of 
estimating the production-rate from the rare-gas 
contents alone. Helium is formed with good yield 
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by low-energy reactions while a product such as neon 
or argon is only found by relatively high-energy 
interactions. For this reason a ratio such as helium-3/ 
argon-38, for example, is dependent on the ratio of 
high- to low-energy particles producing the inter- 
actions. In turn, this ratio is dependent on the depth 
below the surface. With increasing depth, relatively 
more low-energy secondaries are formed. In this 
way a ratio such as helium-3/argon-38 will furnish a 
measure of the depth. 

There is a complication ; if the meteorite should 
contain calcium, the argon-38 would also be produced 
in good yield by low-energy secondaries. However, 
one has available in addition to this ratio the ratio 
helium-3/neon-21 and helium-3/helium-4, both of 
which should show a similar dependence on the depth 
below the surface. Again, each of these ratios can be 
affected by the presence of an impurity. The presence 
of magnesium will alter neon-21 production markedly, 
while the presence of lithium or uranium will alter the 
ratio helium-3/helium-4. If the ratios helium-3/ 
helium-4, helium-3/argon-38 and neon-21/argon-38 
are used to derive a scale of depth, then it should be 
possible to pick out ratios that are anomalous. 

It is thus possible to establish a scale of the produc- 
tion-rate of a given nuclide as a function of a rare-gas 
ratio. For example, the production-rate of helium-3 
can be estimated from the ratios helium-3/argon-38 
and the measurements of argon-39 and chlorine-36** 
for meteorites, the rare-gas contents of which have 
been determined on adjacent pieces, that is, at the 
same depth. The relations involved are : 


(1) Production-rate of helium-3 = production-rate of 


3A 
(*He/*Ar) a 


chlorine-36 : 3(Cl) 


(2) Production-rate of helium-3 = production-rate of 
argon-39: (*He Aryan) 
ot ~~ “o(39Ar) 
where (*He/**Ar) represents the ratio of the rare-gas 
content of the meteorites. The ratios of cross-sections 
are obtained from the bombardment by high-energy 
protons of iron (see ref. 7, also Fisher and.Schaeffer, 
unpublished work). These cross-sections are not very 
sensitive to the energy and so should be practically 
independent of the depth of the sample in“ the 
neteorite. 

When the results in the literature are treated in 
this way, one can obtain the plot shown in Fig. 1. 
While the data show the usual spread when accumulat- 
ing results from a number of independent laboratories, 
there is none the less a definite change in the produc- 
tion-rate with the ratio helium-3/argon-38. It should 
be possible to use this figure to interpret some of the 
results on the rare-gas contents of iron meteorites. 


Table 1 METEORITES LISTED IN ORDER OF INCREASING DEPTH 











Helium-3 « 10-* | Helium-3 | Helium-3 | Neon-21 





Meteorite i (¢.c. N.T.P./gm.); Helium-4 | Argon-38 | Argon-38 | 

Washington | 

Co. 193 + 20 0-067 | 26 |} 0-28 
Tucson 13 +1 0-09 | 25 | a 
Forsyth Co. | 48 +6 0-32 23 | 0-28 
| Canon Diablo | 95 +9 | 0-30 23 0-23 
Smithland | 58 +4 0-25 22 0-25 
Santa Rosa 7+5 0-26 21 0-19 
Santa | | 
Catherina | 57 + 6 } 0-25 22 0-19 
Tombigbee 

| River } 4-741 0-14 7-4 0-12 
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Fig. 1. Production-rate of helium-3 plotted against ratio of 

helium-3/argon-38. The circles are calculated from chlorine-36 

data, the triangles from argon-39 data. G, Casas Grandes (ref. 5) ; 

S,, Sikhote-Alin (ref. 5); S,, Sikhote-Alin (ref. 4); D, Canon 

Diablo (ref. 5); C, Carbo (ref. 5); 7, Treysa (ref. 10); 7s, 
Treysa (ref. 4); W, Williamstown (ref. 5) 


Recently the rare-gas contents of several meteorites 
have been measured*. These are listed in Table 1 in 
order of increasing depth as determined from the 
ratios helium-3/helium-4, helium-3/argon-38 and 
neon-21 /argon-38. 

It can be seen that not all the ratios vary uniformly, 
and it is suggested that the presence of small amounts 
of impurities may be influencing the ratios. For 
example, the low values of the ratios helium-3/helium- 
4 in the Washington County and Tucson meteorites 
are probably due to the presence of radiogenic helium 
from uranium or primordial helium’.® ; while the high 
ratio neon-21/argon-38 in Tucson is probably due to 
the production of neon-21 from magnesium and 
silicon, which are known to be present to the extent 
of several per cent in this meteorite. 


Table 2. Cosmic-RAY EXPOSURE AGES 


Meteorite Age Meteorite Age 
(million years) {million years) 

Toluca* 75 Smithland* 115 
Tolucat 110 Treysat 1,500 
Casas Grandes* 120 Williamstown* 1,900 
Arispe* 340 Santa Rosa 120 
Odessa* 250 Santa Catherina 140 
Sikhote-Alin* 145 Carbo 1,200 
Washington Co. 290 Henburyt 1,200 
Tucson 20 Imilact 740 
Forsyth Co. 95 Cerros del Buei 
Canon Diablo 190 Mueitot 


oO 
* From the data of Schaeffer and Zahringer (see ref. 11). 
+ From the data of. Gentner and Za&hringer (see ref. 12). 
t From the data of Kistner (see ref. 6). 


By the use of Fig. 1, the ratio helium-3/argon-38 
and the helium-3 content, it is now possible to 
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Fig. 2. Cosmic ray exposure ages of the iron meteorites 
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estimate ages for all the meteorites in Table 1, as well 
as a number which have been reported in the litera- 
ture. These are tabulated in Table 2. 

The data have been arranged in a histogram in 
Fig. 2, from which it can be seen that the exposure 
ages show a variation extending to nearly two 
thousand million years, with a most probable value 
near 100-200 million years. This can be interpreted 
as characteristic of a continual breaking-up process 
of bodies in space, leading to freshly exposed surfaces. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 


Otrver A. SCHAEFFER 
Davin E. FIsHEer 


Brookhaven National Laboratory, 
Upton, 
Long Island, 
New York. 
* Urey, H. C., J. Geophys. Res., 4, 1721 (1959). 
* Singer, S. F., Nuovo Cimento, 8, 539 (1958). 
* Ebert, K. H., and Wanke, H., Z. Naturforsch., 12, A, 766 (1957). 
* Fireman, E. L., Nature, 181, 1613 (1958). 
Sprenkel, E., Ph.D. thesis (1959) (unpublished). 
* Kistner, G., Ph.D. thesis (1958). 
* Schaeffer, O. A., and Zahringer, J., Phys. Rev., 113, 674 (1959). 
* Fisher, D. E., and Schaeffer, O. A., Geochim. Cosmochim. Acta 
(in the press). 
* Schaeffer, O. A., and Fisher, D. E., Nature, 183, 660 (1959). 
“” Wianke, H., and Vilesek, E., Z. Naturforsch., 14, A, 929 (1959). 
*? Schaeffer, O. A., and Z&hringer, J., Geochim. Cosmochim. Acta 
(to be published). 
** Gentner, W., and Zahringer, J., Geochim Cosmochim. Acta, 11, 60 
(1957). 


CHEMISTRY 


Effect of Solvent Polarizability on the 
Ultra-Violet Spectral Shifts of Aromatic 
Compeounds 


Ir is generally recognized that non-polar solvents 
cause a long wave-length shift of the optical spectral 
maxima of absorbing solutes, and that this shift 
tends to increase with the polarizability of the solvent. 
Bayliss’ has proposed that : 

Av(em.-') = a e tf . ine (1) 

8x*c*m va* 2n* + 2 

where Av is the long wave-length shift, compared to 
the dilute vapour spectral position, f is the oscillator 
strength (that is, the number of ‘classical’ absorbing 
electrons), a is the radius of the absorbing molecule, 
n is the refractive index of the solvent, and the other 
symbols have their usual significance. Longuet- 
Higgins and Pople* have proposed the relationship : 


red shift 


uu apzR-* (=> Eaa + M) (2) 


6 


where the shift is expressed in energy (frequency = h) ; 
a4 and ag are the molecular polarizabilities of the 
solute and solvent, respectively, and M and E are the 
dipole moment and energy of the transition. Each 
solute molecule is regarded as being surrounded by 
z solvent molecules at a mean distance R. This 
relationship predicts that the long wave-lenzth shift 
will be proportional to (n* — 1)/(n* +2). Both 
equations predict that Av(em.-') or AA (AA = A, — Ag, 
where the subscripts refer to solvent and vapour 
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Fig. 1. The long wave-length shift 4, — A, (A.), compared to 

vapour, of the ultra-violet spectral maxima of four aromatic 

compounds in solvents of refractive index n, plotted as a function 

of (n* — 1)/(m* +2); O, benzene; <A, phenol; gd, fluore- 
benzene ; (_], benzotrifluoride 


respectively ; over the very short wave-length 
range to be considered here, AA = Avi? to a high 
degree of approximation) will approach zero ‘’nly 
in the vapour state, and that in any solvent a sub- 
stantial shift should be observed. Similar but more 
elaborate theoretical treatments have been given by 
Ooshika*® and McRae‘. 

There appear to be very few data on ultra-violet 
and visible spectral shifts in non-polar solvents which 
permit a test of these equations. Lauer and Oda’ 
found the shift of the benzene spectrum tended to 
increase with solvent refractive index, but the 
scatter of their data is too large to permit a test of 
any definite relationship. In addition, the reported 
vapour maxima positions are in error. Shepard‘ 
presented data for a merocyanine dye in four solvents. 
A linear plot of Ad vs. n appeared to pass through the 
origin; but the extrapolation was rather long. A 
recalculation of these data by Bayliss' gave a plot of 
Av(em.-') vs. (n® — 1)/(2n* +1) which did not 
pass through the origin ; a similar plot for solutions 
of bromine likewise did not pass through the origin. 
Phibbs’? observed that solutions of atomic mercury 
in water and several organic solvents did not obey 
Bayliss’s relationship. Ham* found that complexes 
of iodine with benzene, mesitylene, and hexamethyl- 
benzene gave shifts which were linear in (n* — 1)/ 
(2n? + 1), and McRae‘ observed similar behaviour 
for phenol blue, but in both cases the apeas "Reali 
is indeterminate. 

In the course of an investigation of the ultra-violet 
spectra of proteins and protein models*, we have had 
occasion to measure carefully the ultra-violet spectral 
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shifts of benzene, phenol, fluorobenzene, and benzo- 
trifluoride in solvents of varying polarity and polar- 
izability. A particular feature of this study is the 
inclusion of two solvents of very low polarizability : 
a cyclic perfluoro-C, ether, C,F,,0, manufactured 
by Minnesota Mining and Manufacturing Co. 
(n#§ = 1-2775), and perfluoropentane (nj? = 1-2390). 
This enables the relationship of 4, — A, to n to be 
extended to considerably lower » than in previous 
studies. A Cary model 11 spectrophotometer was 
employed, l-cm. cells with quartz windows being 
used for all solutions and a 5-cm. cell for vapour 
samples. The solution of benzene in petrolatum was 
measured using quartz plates with 0-015-cm. glass 
spacers ; the refractive index of the petrolatum was 
1-4858. The spectrum of a 5 per cent solution 
of benzene in the cyclic perfluoro-C, ether was 
recorded using a thin liquid film squeezed between 
quartz plates without spacers. 

In Fig. 1 are shown the long wave-length shifts 
he — A» (in A.) for benzene (0:0050 M, 2529 A. 
vapour band), fluorobenzene (0-00115 M, 2644 A. 
vapour band), phenol (0-00080 1, 2685 A. vapour 
band'*) and benzotrifluoride, (0-00390 M, 2645 A. 
vapour band) in perfluoropentane, cyclic perfluoro-C, 
ether, water, ethanol, isooctane, chloroform, carbon 
tetrachloride and petrolatum, plotted vs. (n* 1)/ 
(n? + 2). The refractive indices of the solvents and 
their positions along the abscissa of Fig. 1 increase 
in the order given. The spectral shifts for benzene 
lie on @ nearly straight line which appears to extra- 
polate to an intercept of about 0-18 on the abscissa. 
Fluorobenzene shows very similar behaviour. Benzo- 
trifluoride, which is quite polar (up = 2-63 pD.v.) 
but presumably does not form hydrogen bonds, 
shows somewhat larger shifts in water and ethanol, 
for which there appears to be no obvious explanation. 
Phenol shows a very large shift in ethanol (probably 
largely the result of hydrogen bonding, with the 
phenol acting predominantly as the hydrogen donor) 
but a ‘normal’ value in water® (where it may act 
equally as donor and acceptor). The slope of the line 
for phenol is somewhat greater than that for benzene 
and fluorobenzene, corresponding to its greater oscilla- 
tor strength. All four give approximately straight 
lines for the solvents of higher refractive index, but 
the curve evidently bends sharply below- about 
0-15-0-17 on the abscissa, since it appears that it 
must pass through the origin. Therefore, none of the 
proposed relationships between a, — A,» (or Av) and 
n is even approximately correct, at least for these 
systems. 

The apparently nearly zero polarizability of the 
fluorocarbon solvents with respect to these aromatic 
solutes is of some interest, and is probably quite 
general. Although it is well recognized that the 
polarizability of fluorocarbons is relatively low, it is 
clear that it is far from zero. For example, the van 
der Waals forces between fluorocarbon molecules are 
large enough so that their boiling points do not 
differ greatly from those of the corresponding hydro- 
carbons*, The van der Waals forces between 
fluorocarbon and hydrocarbon molecules are appar- 
ently peculiarly low, as judged by their low mutual 
solubility’*. The very small spectral shifts may be 
in part another aspect of this anomalous behaviour. 
The problem seems to be broader than this, however, 
for the observed shifts for all the other solvents lie 
close to the same nearly straight line, which does 
not have the slope or origin indicated by theory. 
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Fig. 2. The ultra-violet spectrum of benzene in isooctane (a), 
cyclic perfluoro-C, ether (b), and vapour (approximately 70 mm.) (¢c) 
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The fluorocarbon systems represent in an accentuated 
and striking form an anomaly which is to some 
degree shared by the other systems. 

A possible explanation for these results is that in 
dilute solutions the solute molecules may exist in 
part in cavities or holes in the solvent, and that 
therefore the factor R in equation (2) may be larger 
than expected. Since the shift is predicted to be 
dependent on R-*, only a relatively small cavity would 
need to be postulated. The equilibrium distribution of 
solute between cavities and the ‘true’ solvent medium 
might be imagined to favour the ‘true’ solvent medium 
increasingly with increasing solvent polarizability. 
For fluorocarbons, the solute might then be thought 
of as being almost entirely in the cavities. We have 
found, however, that for a 5 per cent solution of 
benzene in cyclic perfluoro-C, ether the spectral 
maxima are unchanged in position compared to the 
500-times more dilute solution represented in Fig. 1. 
It appears most unlikely that cavities could be 
provided for these many solute molecules. 

In Fig. 2 are compared the spectra of benzene 
vapour (approximately 70 mm.) and of benzene 
solutions in cyclic perfluoro-C, ether and in iso- 
octane. It is of interest experimentally and theoretic- 
ally that, because of the small interaction between 
solute and solvent, the spectrum in the fluorocarbon 
solvent shows a marked increase in resolution over 
that observed for the hydrocarbon solution ; many 
features of the vibrational fine-structure visible in 
the vapour spectrum are clearly seen. Fluorocarbon 
solvents may thus provide vapour spectral positions 
and considerable fine structure for relatively non- 
volatile substances for which it would be incon- 
venient or impossible to obtain a true vapour spec- 
trum. 

We wish to acknowledge the able experimental 
assistance of Mrs. Lucy Klos and Mr. Floyd Vincent. 
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We are also grateful to Dr. G. V. D. Tiers for several 
stimulating discussions. 

Note added in proof. After this paper had been 
submitted, Dr. John Foss (University of Oregon) 
directed our attention to a paper by Sverdlova’ in 
which similar data are presented for benzene and 
chlorobenzene. In general, these data agree with 
ours ; but they are plotted in such a way as to obscure 
the disagreement with theoretical prediction. 

F. A. Bovey 
S. S. YANARI 
Central Research Laboratories, 
Minnesota Mining and Manufacturing Co., 
St. Paul, Minnesota. 
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Absorption Spectra of Diatomic 
Radicals containing Boron or 
Silicon 

Various workers have used methods of time- 
resolved absorption spectroscopy to study the 
formation and decay of free radicals produced in 
pulsed electric discharges. These investigations have 
been confined to the use of a single parent substance 
which normally flows through the discharge tube 
at a rate such that the parent substance is not 
completely replenished before each discharge pulse. 
In this way the absorption spectra of OH (ref. 1), 
CN (ref. 2) and of several halides such as BBr. BCI, 
AlBr, AICI, All and SiCl*.* have been observed. The 
main limitation in this work was low intensity of the 
background sources used, and a large number of 
exposures were needed to obtain an adequate record 
with both high dispersion and good time resolution. 
The use of a flash tube filled with an inert gas as back- 
ground source greatly reduces the number of ex- 
posures needed to obtain an adequate record and 
this removes the difficulty of studying systems where 
the discharge tube has to be refilled after each 
exposure. 

An apparatus of this type has been constructed, 
and has been used for studying the absorption spectra 
of free radicals which have not previously been 
detected in absorption and which would be expected 
to have appreciable concentrations at the tempera- 
tures reached when a pulse electric discharge is 
passed through a suitable gas mixture at low pressure. 
In typical experiments a 1-5 uF. condenser at 
10 kV. is discharged between tungsten electrodes 
25 cm. apart in a 5-cm. diameter glass tube containing 
the parent mixture at a few mm. mercury pressure. 
A 100 / argon-filled quartz capillary flesh tube with 
a duration of 7 usec. is used to photograph the absorp- 
tion spectrum on a 3-metre grating spectrograph. 
The firing of this lamp is controlled by an electronic 
delay circuit which is initiated by light from the 
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discharge. With the optical arrangement used, the 
amount of light reaching the spectrograph from the 
discharge is small enough by comparison with 
intensity of the spectroscopic flash to make the use of 
shuttering unnecessary at wave-lengths above 2800 A. 

To date experiments have been concentrated on 
systems containing boron or silicon. For the former, 
either boron trichloride or trimethyl borate has been 
used, either alone or mixed with oxygen, nitrogen or 
hydrogen. In these systems, the absorption spectra 
of BC1(A'IIl — X*Z), BH (Atl — X*X*), BN (811 —*I), 
BO (A2II — X*>+)5 and the “boric acid fluctuation 
bands’’* have been observed. Of these, the observa- 
tion of the triplet but not the singlet bands of BN 
(ref. 7) in absorption is of particular interest, since 
they suggest strongly that BN has a *i] ground-state, 
whereas the iso-electronic species C, has recently been 
shown to have a '<* ground-state with its con- 
figurationally excited *I] state only about 610 cm.-* 
higher*. This difference in behaviour can be attri- 
buted to the fact that ground-state B(?P) and N(4S) 
atoms can only give triplet and quintet states, 
whereas singlet, triplet and quintet states can arise 
from two normal carbon atoms (*P). Attempts are 
being made to observe the gas-phase absorption 
spectrum of BeO which is iso-electronic with BN and 
C, with the view of determining the relative positions 
of its lowest singlet and triplet states. 

Preliminary experiments with silicon tetrachloride 
either alone or mixed with hydrogen or nitrogen have 
yielded the absorption spectra of SiC] (B72 X?*I1), 
SiH (A*A — X%11) and SiN (Bz X*z+)*. In 
addition to observing most of the B?= — X*I1 bands 
of SiCl listed by Jevons®, the (2,1) and (3,1) bands 
have been identified. The identification of these 
bands and the strong appearance of the (2,0) and 
(3,0) bands in these experiments confirm Jevons’s 
assignments, about which he expressed some doubt 
Under conditions when the *A — #/] band of SiH was 
most intense, a weak, slightly diffuse system appeared 
in absorption between 3900 and 3750A. This spectrum 
has been tentatively identified as the *=- — *1! 
transition of SiH to be expected in this region by 
analogy with CH. An attempt is being made to 
obtain this spectrum with enough intensity to permit 
a rotational analysis. No band system of SiH 
corresponding to the 3143 A. *=+ — #J1 transition of 
CH has yet been detected. 

It can be seen that this technique provides a 
relatively simple method of studying the absorption 
spectra of species likely to be present at high tem- 
peratures without the use of large quantities of 
material or of elaborate apparatus to produce the 
high temperatures. A detailed account of this work 
is being prepared for publication. 

I wish to thank Prof. R. G. W. Norrish for helpful 
discussions and the Government Grants Committee 
of the Royal Society for a grant, part of which was 
applied to this work. 

B. A. Torus 
Department of Physical Chemistry, 
Lensfield, Cambridge. 
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Analysis of Anzsthetic Mixtures by 
Gas Chromatography 


DuRINnG anesthesia, and in respiratory research, 
there is a need to analyse mixtures of permanent 
gases and organic vapours on a routine basis. Physical 
methods are being increasingly used for this type of 
work, but the equipment required tends to become 
complex when the analysis of several components is 
desired. Chromatographic analysis is discontinuous 
in nature, but, provided shat this can be tolerated, 
the use of gas chromatography offers several ad- 
vantages of which simplicity and versatility are the 
most important. 

For the separation of oxygen and nitrogen we have 
employed a column 12 in. long and } in. internal 
diameter packed with 52-60 B.S. mesh Linde 5A 
molecular sieve at room temperature. Samples can 
be analysed at 30-sec. intervals. 

Carbon dioxide and nitrous oxide are commonly 
encountered in respired anzesthetic mixtures since the 
majority of anzsthetics are based on nitrous oxide 
and oxygen. None of the common adsorbents, such 
as silica gel, alumina and charcoal, will give an 
adequate separation of these gases. However, we 
have found that a G.L.C. column 24 ft. long by } in. 
internal diameter packed with 28-6 per cent of 
propylene carbonate on 52-60 B.S. mesh ‘STL-O-CEL’ 
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Fig. 1. Chromatogram of a respired atiwsthetic mixture. 
Column 1, 20 ft. 4 in. 20 per cent dimethyl sulphoxide on 
52-60 mesh ‘SIL-O-CEL’ at 20°C.; inlet pressure 280 mm. 
mercury. Column 2, 2 ft. x } in. 15 per cent dinonyl phthalate 
on 52-60 mesh ‘SIL-O-CEL’ at 75° C.: inlet pressure 40 mm. 
mercury. Flow-rate, 30 ml./min. H, in both columns 
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firebrick will separate these gases at room tempera- 
ture. A mixture of oxygen, carbon dioxide and 
nitrous oxide can be analysed in about 24 min. on 
such a column. By overlapping the samples the 
analysis may be repeated every 2 min. Recently 
we have found that dimethyl sulphoxide is an even 
better stationary liquid for this work. <A 20-ft. by 
}-in. column containing 20 per cent of dimethyl 
sulphoxide on 52-60 mesh ‘SIL-O-CEL’ at 20°C. 
will separate a mixture of oxygen, nitrous oxide and 
carbon dioxide in 1 min. 

When ether and fluothane are present, a 2-ft. by 
}-in. column containing 15 per cent of dinonyl 
phthalate on firebrick is used in parallel with the 
dimethy] sulphoxide column. Automatic valves! 
inject different-sized samples simultaneously into both 
columns. The dinonyl phthalate column is heated 
to 75°C., allowing the light gaseous components to 
pass through unresolved but retaining ether and 
fluothane long enough to give complete separation. 
The gases and vapours from the two columns pass 
through opposite channels of a thermistor thermal 
conductivity detector. The recorder in the bridge 
circuit is modified so that a negative signal actuates 
a reversing switch and consequently all the peaks on 
the recorder chart are in the same direction. Fig. 1 
shows the separation of a respired anzsthetic mixture 
analysed in this way in approximately 4} min. 

We wish to thank Prof. R. F. Woomer, of the 
Royal College of Surgeons, and the Directors of 
“Shell” Research, Ltd., for their encouragement, and 
for permission to publish this communication. We 
also wish to thank colleagues at the Koninklijke/ 
Shell-Laboratorium, Amsterdam, who suggested the 
use of dimethyl sulphoxide as a stationary liquid. 


E. R. ApLARD 
‘Shell’? Research, Ltd., 
Thornton Research Centre, 
Chester. 
D. W. Hir1 


Research Department of Anesthetics, 
Royal College of Surgeons of England, 
London, W.C.2. 
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RADIATION CHEMISTRY 


Radiative Life-time of the Pyrene Dimer 
and the Possible Role of Excited Dimers 
in Energy Transfer Processes 


THE absorption spectra of certain dye solutions 
exhibit a marked dependence on concentration over 
a range in which the corresponding fluorescence 
spectrum remains unchanged ; this is attributed to 
absorption by non-fluorescent dimeric complexes at 
higher concentration which reduces the overall 
fluorescence yield of the solution'. The relative in- 
tensities of absorption by the dye in its monomeric 
and dimeric forms suggest that the radiative life- 
times of the corresponding excited species are both of 
the order of 10-*—10-® sec. (ref. 2). 

On the other hand, Foérster and Kasper* have 
observed that, whereas the absorption spectrum 
remains unchanged, the violet fluorescence of dilute 
solutions of pyrene is replaced by a blue emission at 
higher concentrations ; in this case the excited dimer 
responsible for the blue fluorescence is formed 
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Fig. 1. Spectrum of slow fluorescence of pyrene in solution photo- 


graphed through phosphoroscope (1), and of total fluorescence (II) 
consisting of violet (monomer) and blue (dimer) bands A and B 





collisionally from excited and unexcited pyrene mole- 
cules and, according to cryoscopic data, does not 
exist in the ground-state. Since measurement of the 
delay between absorption and emission observed in 
the vapours of pyrene and other aromatic hydro- 
carbons indicates that excited dimers formed in this 
way have a life-time of the order of 10-* sec. even 
at temperatures of more than 200° C. (ref. 4), it would 
not be surprising if the radiative life-time of the 
pyrene dimer in solution were at least of the same 
order. 

We thoroughly outgassed a 10-3 M solution of 
pyrene (Light’s, white puriss.) in B.D.H. spectro- 
scopically pure cyclohexane in a ‘Pyrex’ cell and, 
using the flash photometric technique, observed a 
first-order emission component with a life-time of 
1-8 + 0-2 10-* sec. To confirm that this com- 
ponent originates from the excited pyrene dimer, the 
fluorescence of the same solution in the same cell 
was excited by a 250-W. high-pressure mercury arc 
and photographed through a locally constructed 
phosphoroscope on a small Hilger quartz spectro- 
graph. Fig. 1 shows a microdensitometer tracing of 
the exposed plate together with the total unsectored 
emission excited by the mercury 313 mu line in the 
same solution. 

A theoretical treatment’ of the optical properties 
of dimers of this type shows that the radiative 
transition between excited and unexcited states is 
orbitally forbidden if the complex has a centre of 
symmetry, which accounts for the magnitude of the 
radiative life-time observed here. Consequently the 
corresponding absorption would be extremely diffi- 
cult to detect even if the dimer exists to an appreciable 
extent in its ground-state, and the independence of 
the absorption spectrum of concentration is clearly no 
criterion for the non-existence of excited dimers at 
higher concentrations. On the contrary, an absorp- 
tion spectrum independent of concentration indicates 
that any excited dimers formed are of the long-lived 
variety which will not be detected in emission or 
absorption if non-radiative processes leading to self- 
quenching compete successfully with fluorescence. In 
this case the evidence for their existence must be based 
on self-quenching itself*, extremely efficient sensitiza- 
tion, @ case of which has recently been suggested’, or 
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perhaps the appearance of unidentified bands observed 
in flash absorption spectroscopy of which a recently 
reported case may be an example*. Their reversible 
formation in the vapour phase at pressures as low 
as 0-5 mm. (~ 10-5 mol./litre) satisfactorily accounts 
for the negative temperature-coefficient of self- 
quenching* and the phenomenon of delayed fluor- 
escence*. 

The observation of an emission of this duration 
in concentrated pyrene solutions illustrates the 
remarkable resistance of the emitting species to 
collisional deactivation by the monomer or by solvent 
molecules. These properties of the collisionally 
formed excited dimer which has virtually the life- 
time of a triplet state and the multiplicity of a singlet 
state® are those of an ideal sensitizer, and it is not 
unlikely that it plays an important part in the 
physical processes associated with photosynthesis 
and with phenomena dependent on concentration 
observed in aromatic solutions. Since it is not a 
primary product of absorption and does not appar- 
ently exist in the ground-state, we suggest the term 
‘excimer’ be used to distinguish it from the short-lived 
dimer excited directly in solutions exhibiting an 
absorption spectrum dependent on concentration. 

We wish to express our thanks to Prof. G. J. 
Hoijtink and Dr. R. N. Dixon for enlightening dis 
cussions, and to the Royal Society for a grant-in-aicl 
and the Safety in Mines Research Establishment for 
the loan of a spectrograph. One of us (E.H.) is 
grateful to the Department of Scientific and Industria! 
Research for the award of a maintenance grant. 

B. STEVENS 
E. Hurron 

Department of Chemistry, 

University, Sheffield 10. 
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BIOCHEMISTRY 


Effects of Fatty Acids on the *P-Adenosine 
Triphosphate Exchange Reaction in Rat 
Liver Mitochondria 


ATTENTION has been focused in recent years on the 
effects of fatty acids on phosphate metabolism. In 
1956 it was shown! that decanoate uncouples oxida- 
tion from phosphorylation in rat kidney and brain 
mitochondria. It was also shown, in the same year’, 
that fatty acids stimulate the latent adenosine tri- 
phosphatase activity of rat liver mitochondria, 
myristic acid being the most effective. Results of 
recent work? have shown that the phosphorus-32 
turnover in Ehrlich ascites cells is markedly decreased 
in the presence of potassium decanoate ; however, 
that of rat liver slices is more sensitive to decanoate 
than is the process of oxidative phosphorylation in 
rat liver mitochondria‘. In isolated rat kidney and 
brain mitochondria, 0-6 mM decanoate is needed to 
decrease the P : O ratio by 50 per cent’, and prelimin- 
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ary experiments with rat liver mitochondria have 
indicated that decanoate is approximately as active 
in this system. In work with rat liver slices, 1-33 
mM decanoate inhibited phosphorus-32 turnover in 
adenosine triphosphate by 75 per cent, but the oxida- 
tion of decanoate-1-'*C proceeded at a high and 
constant rate for 3 hr. at this concentration, indicating 
that there was still sufficient adenosine triphosphate 
for the initial activation step. It was therefore of 
interest to determine if the decrease in the rate of 
labelling of adenosine triphosphate with phosphorus- 
32 in liver slices is due to a decreased rate of synthesis 
of the triphosphate, or whether it is due to the fact 
that labelling takes place by a process which is 
particularly sensitive to the presence of fatty acids. 
The adenosine triphosphate—phosphorus-32 exchange 
reaction® might constitute such a process, and the 
effects of fatty acids on this reaction were investigated. 
The methods used were essentially those described 
by Dawkins, Judah and Rees‘, and a summary of the 
results obtained is given in Table 1. At low concentra- 
tions, all the fatty acids investigated cause an 
increased rate of labelling of adenosine triphosphate 
with phosphorus-32, and at somewhat higher concen- 
trations they give rise to increasing inhibitory effects. 
Decanoate, at a concentration of 0-05 mM, brings 
about a 57 per cent stimulation of the rate of exchange 
of phosphorus-32 with adenosine triphosphate. 
Increase in decanoate concentration to 0-2 mM leads 
to a decrease of 42 per cent. It appears, therefore, 
that the process of labelling of adenosine triphosphate 
with phosphorus-32 in rat liver mitochondria is more 
sensitive to decanoate than is the oxidative synthesis 
of adenosine triphosphate. This is in agreement with 
the observations reported above that the process of 
labelling of adenosine triphosphate in rat liver slices 
is more sensitive to decanoate than is oxidation of 
this fatty acid, a process which is known to be 
dependent on the continued oxidative synthesis of 
adenosine triphosphate. The labelling of adenosine 
triphosphate by phosphorus-32 in rat liver slices, 
therefore, probably occurs more rapidly by the 
adenosine triphosphate—phosphorus-32 exchange re- 
action than by true synthesis of the triphosphate, and 
it is the former process which is inhibited on addition 
of relatively low concentrations of decanoate to rat 
liver slices in the presence of phosphate-**P. 
Incubations were carried out for 20 min. at 20° C. 
in the medium described by Dawkins et al.* with 
mitochondria equivalent to 125 mgm. wet weight of 


Table 1. EFFECTS OF VARIOUS FATTY ACIDS AT DIFFERENT CON- 
CENTRATIONS ON THE ADENOSINE TRIPHOSPHATE — PHOSPHORUS-32 
EXCHANGE REACTION IN ISOLATED Rat LIVER MITOCHONDRIA 


Fatty 
acid con- 
centra- 
tion 
(mM) Cy, G CO. 
100 100 100 
005 
Ol 
“015 
02 
03 
04 
05 


075 
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rat liver tissue. Under these conditions, the exchange 
reaction in the contro] vessels followed a linear course 
for a period of more than 30 min. The reaction was 
terminated by the addition of 2 ml. of 10 per cent 
trichloracetic acid to the 2 ml. incubation medium. 
The radioactivity present in the adenosine triphos- 
phate was determined as described by Dawkins e¢ al.*. 
All figures in Table 1 refer to percentages of the 
control values obtained in the absence of added fatty 
acid and are averages of 2—6 separate determina- 
tions. The average value for the control in fourteen 
experiments was 28-0 umoles **P-phosphate ex- 
changed in 20 min./gm. original wet weight of 
liver. 

The greatest inhibitory effect on the exchange 
reaction occurs with the C,, fatty acid, the effects 
of the C,,, C,, and C,, fatty acids being approximately 
equivalent to the C,., C,, and C,, fatty acids respec- 
tively (Table 1). This may be correlated with the 
observation of Pressman and Lardy*® that optimal 
stimulation of latent adenosine triphosphatase activity 
occurs with myristic acid (C,,). 

The present results are of further interest in view 
of the recent report that the ‘U-factor’, which is 
present in normal tissues and is capable of uncoupling 
oxidation from phosphorylation, has the properties 
of a fatty acid’. A rapid and extensive swelling of 
rat liver mitochondria is brought about on addition 
of 3 uM oleate’. It is possible that the increased rate 
of labelling of adenosine triphosphate in the present 
experiments at the lower concentrations of fatty acids 
(5 uM in the case of tridecanoate) may be due to an 
increase in mitochondrial permeability to phosphate 
or adenosine triphosphate consequent upon the 
swelling of the mitochondria under these conditions. 


K. AnMED* 
P. G. ScHOLEFIELDT 


The McGill-Montreal General Hospital Research 
Institute, 
3619 University St., 
Montreal, P.Q. 


* Colombo Plan Fellow. 
+ Research Associate of the National Cancer Institute of Canada. 
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Chemical Degradation of Canavanine to 
Canaline 


THE biologically interesting amino-acid, canaline, 
has been obtained by enzymatic cleavage of cana- 
vanine, a naturally occurring constituent of the Jack 
bean!. 

No chemical method capable of effecting this step 
has, however, been reported so far. While arginine, 
a close structural] relative of canavanine, is impervious 
to acid hydrolysis, the latter undergoes cleavage to 
homoserine lactone («-aminobutyrolactone) on heating 
with strong acids?. Canavanine, on the other hand, 
exhibits extraordinary stability in alkaline medium* 
while arginine is decomposed to ornithine by alkaline 
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hydrolysis. In view of recent interest in canaline, 
it appeared desirable to re-examine the possibility of 
chemical degradation of the commercially available 
canavanine to canaline. 


NH, 

Sc—NH—O—CH,—CH,—CHCOOH—— 
. | 
NH NH, 
Canavanine 

NH, 

Sc=0 +H,—-N—O—CH,—CH,—CH—COOH 

Nii, NH, 


Canaline 


Accordingly, an attempt was made to force this 
reaction by vigorous alkaline hydrolysis. 1-37 gm. 
D,L-canavanine sulphate was heated with 25 per cent 
barium hydroxide for 48 hr. under refluxing condi- 
tions. The excess barium hydroxide was removed by 
addition of ammonium carbonate and filtration of the 
resulting barium carbonate. The reaction mixture 
was then evaporated to dryness in order to remove 
excess ammonia and redissolved in 100 ml. boiling 
water containing two mole equivalents of picric acid. 
The solution was allowed to cool to 25° and the 
beautifully crystalline dipicrate of canavanine (2 gm.) 
which had separated was filtered. On standing over- 
night, the mother liquors deposited a second crop of 
crystalline material (0-55 gm.) which was identified as 
D,L-canaline dipicrate, m.p. 189-191° after recrystal- 
lization from water. Analysis: calc. forC,,H,,N,0,;: 
N, 18-92 per cent ; found N, 19-0 per cent. 

Treatment of canavanine with barium hydroxide 
under refluxing conditions for five days did not im- 
prove the yield of canaline. In order to prepare the 
free amino-acid, canaline dipicrate was dissolved in 
70 volumes of hot water containing 2-5 mole equival- 
ents of sulphuric acid. The picric acid was now 
removed from the solution by two successive extrac- 
tions with nitrobenzene and ether. An excess of 
‘Dowex-3 X-4’ resin (free amine form) was added 
to the colourless solution, the mixture filtered and the 
filtrate evaporated to dryness under reduced pressure. 
The residue when triturated with isopropanol yielded 
a solid which upon recrystallization from isopropanol— 
water gave D,L-canaline, m.p. 195-198° dec. Analysis : 
eale. for C,H,, N,O,: N, 20-89 per cent; found N, 
20-82 per cent. 

Paper chromatograms of this product obtained by 
the small-scale technique of Rockland and Under- 
wood‘ gave Rp values of 0-67 in the methyl-butynol— 
formic acid—water (69-5: 1: 29-5) system® and 0-78 
in the ethanol-acetic acid—water (65: 1 : 34) system 
and indicated the presénce of a trace of impurity. 
L-Canaline obtained by enzymatic cleavage of L- 
canavanine exhibited chromatographic behaviour 
indistinguishable from that of the above product. 

My thanks are due to Mr. J. Bush of these Labora- 
tories for the preparation of L-canaline. 

H. RInDERKNECHT 
California Corporation for Biochemical Research, 
3625 Medford Street, Los Angeles, 63. 
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Maintenance of «-Ketoglutarate and Succinate 

Oxidation in E-Deficient Liver Homogenates 

by «-Tocopherol, a Tocopherol Metabolite, 
Menadione and Diphenylphenylenediamine 


Rats on a Torula yeast diet deficient in vitamin E 
and factor 3 show a metabolic disturbance in liver 
slices, termed respiratory decline, 1-2 weeks prior to 
succumbing to necrotic liver degeneration'. Dietary 
supplementation of vitamin E as well as intraportal 
injection of the vitamin prevents the disturbance, 
whereas dietary factor 3 (and also selenite) alleviates 
the decline without, however, preventing it fully. 
The effects following dietary, intraportal, and in 
vitro application of a number of antioxidants have 
been analysed. A tocopherol metabolite* as well as 
diphenylphenylenediamine? are effective, in vitro, in 
preventing the respiratory failure of liver slices. 
While mitochondria of the deficient livers show an 
accelerated diminution of succinate oxidation’ in the 
presence of dinitropyridine nucleotide*, homogenates 
of such livers, in previous work, did not show declin« 
with glucose as substrate and optimal supplements of 
adenosine triphosphate and dinitropyridine nucleo- 
tide’. In this communication, a different homogenate 
system is described which shows respiratory decline 
with «-ketoglutarate or succinate as substrates 
The preventive effects, in vitro, of tocopherol, the 
tocopherol metabolite (kindly supplied by Dr. Eric J. 
Simon of New York University College), menadione 
and diphenylphenylenediamine are demonstrated. 

Weanling rats of the Fischer 344 strain were fed a 
basal 30 per cent Torula yeast diet described else- 
where*®. Vitamin E was supplemented as 50 mgm. of 
D,L-a-tocopheryl acetate per 100 gm. ration. Factor 
3 was introduced by the addition of 15 ugm. per cent 
of selenium (as sodium selenite). Some controls were 
fed McCollum’s wheat casein diet*. The 10 per cent 
liver homogenates were made up in 0-25 M sucrose. 
The equivalent of 50 mgm. of tissue was added to 
2-5 ml. of a medium containing the following ingredi- 
ents: 300 umoles sodium chloride, 12 umoles potas- 
sium chloride, 40 umoles of a sodium phosphate 
buffer at pH 7-4, and 4 umoles of magnesium sulphate. 
The final volume was 3 ml. Water-insoluble supple- 
ments were added to the medium in ethanol (< 0-02 
ml.). In a separate series increased potency of 
tocopherol was achieved by rehomogenization of the 
vitamin with the liver homogenate. The additions, 
including substrates, were added at the expense of 
the medium and amounted to no more than 0-2 ml. 

Under the experimental conditions described, 
oxygen consumption declines by approximately 
69 per cent with «-ketoglutarate and 61 per cent with 
succinate as substrates (Table 1). This is completely 
prevented by dietary vitamin E if «-ketoglutarate is 
used. In this instance a slight, significant increase of 
oxidation is seen over the 1}-hr. incubation. It is 
important that fresh homogenates be used, since 
ageing in ice for several hours will nullify the protec- 
tive effect of dietary tocopherol, so, that decline will 
ensue. In contrast to the effect of tocopherol, 
dietary selenium is without effect in these systems. 

Supplementation, in vitro, of «-tocopherol, the toco- 
pherol metabolite of Simon et al.’?, menadione and 
diphenylphenylenediamine prevented the decline of 
a-ketoglutarate oxidation (Table 2). As little as 0-1 
ugm. diphenylphenylenediamine afforded complete 
protection. When added directly to the medium, 
tocopherol was required at levels of about 50 ygm. 
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EFFECT OF DIETARY a-TOCOPHEROL AND SELENITE ON DECLINE OF OXIDATION 
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a 





(per cent)* 


| Succ inate 





Decline 30-60 min. Decline 





0-30 min. | 60-90 min. 
ae: 





No. of | 
Diet animals |——— = comme 

} 

| 0-30 min 30-60 min. 60-90 min. 
——— ——— ——SESESe eee 

Torula i0 105+05] 84409 3240-4 
Torula + E 6 76+0°7 81+40°5 8440-4 
Torula+Na,SeO,| 5 96403 |) 70416! 30+40-7 
Wheat-casein 4 10-2 + 0-3 | 10:2 40-7 10-3 + 0-7 














| 
(per cent) | 
' 





12-7 40-7 4940-4 6144 
11-0 + 0-7 9240-7 14642 | 
13:1 +05 5340-1 5742 | 
| 12-3 £ 0-5 8:5 +02 2944 | 
' 











Results given as watoms oxygen uptake per 30-min. interval. 
chloride, 12 sinoles potassium chloride, 
glutarate is substrate). Final volume 3 ml. 

* Decline 

? Indicates increase rather than decline. 


Medium contains 40 uwmoles sodium phosphate (pH 7-4), 300 wmoles sodium 
4 umoles magnesium sulphate, 60 uzmoles substrate, 3 ~moles diphosphopyridine nucleotide (when a-keto- 


= (uatoms O(9-s9) — “atoms O(¢o-»9)/uatoms O(o-s9)) x 100. 





























Table 2. EFFECT OF in vitro SUPPLEMENTATION OF VARIOUS COMPOUNDS ON DECLINE OF OXIDATION 
as a ~ 
No. of Time-interval (min.) Decline | 
Substrate Addition animals 0-30 30-60 60-90 (per cent) 
——$—$_$____—__ _ — —_—— — | ——_—___—— a ' 
a-Ketoglutarate + diphosphopyridine 
nucleotide 10 10-5 +0°5 8-4+09 3-2+0-4 69 + 3 
a a ay a-tocopherol, directly 3 102+08 108414 58:0° 438+3 
%» o | 50y os 3 101412 10-7412 11:1+1°1 t10+3 
* om by rehomogenized 7 91+0°5 93+0°5 93+1-0 11+9 
jan es 10y toc ophe rol metabolite 6 105+06 116+08 1065+41°1 1+6 | 
- a 10y menadione 6 120+06 1277+0°83 116+1°4 4+5 
Se ees 0 -5y diphenylphenylenediamine 5 95+06 100+08 97+13 t{2+6 | 
- 50y coenzyme Q 3 102410 75+17 382+406 69 +3 | 
Succinate — 10 12-7 +0-7 73+0-4 49+0-4 6124 | 
= 20y a-tocopherol 6 11-5 + 0-4 99+0°4 70+0-4 38 +5 | 
wi 20y tocopherol metabolite | 6 119+06 111+0°5 85+0-4 2945 | 
- 20y menadione 5 146+0-7 101+09 70+0°7 62 +2 
“ |  2y diphenylphenylenediamine 4 130+02 129+406 9-4+02 28 +2 | 
Conditions and definitions are the same as in Table 1 
to prevent the phenomenon, and about 20 ugm. fora were required than with «-ketoglutarate. This may 


50 per cent protective effect. Rehomogenizing of 
tocopherol with the liver homogenate produced a 
markedly higher activity. In this case, tocopherol 
prevented the respiratory lesion completely at about 
5 ugm., and approximately 2-3 ugm. gave a 50 per 
cent effect. Whether this improvement is due only to 
a better distribution of the vitamin, to a subsequent 
activation, or to a metabolic alteration (formation of 
an active metabolite) remains to be clarified. The 
amount of tocopherol necessary to prevent this 
respiratory lesion is much less than that required for 
other in vitro systems*. and more nearly approaches 
physiological quantities. The other supplements 
used did not require rehomogenization for maximal 
activity. When added directly to the medium, the 
tocopherol metabolite of Simon, 2-(3-hydroxy-3- 
methyl-5-carboxy)-penty]-3,5,6-trimethylbenzoquin- 
one, was approximately as active as tocopherol after 
it had been rehomogenized. Menadione, added 
directly, was approximately as active as tocopherol 


or its metabolite, in spite of the fact that the animals* 


did not seem to suffer from a vitamin K deficiency 
(their prothrombin times, kindly assayed by Dr. A. 
Leitner, were normal). Coenzyme Q was without 
effect on this system. 

With succinate as substrate, the same general 
picture is found. However, even in homogenates 
from normal controls (McCollum’s wheat-casein diet) 
oxygen consumption shows a slow decline (< 30 per 
cent), probably related to accumulation of oxalacetic 
acid’. By dietary application of tocopherol as well 
as by addition of tocopherol, the tocopherol—meta- 
bolite of Simon, menadione or diphenylphenylene- 
diamine to vitamin E-deficient homogenates, the 
decline of succinate oxidation is brought back from 
about 61 per cent to this level of less than 30 per cent. 
However, for these in vitro effects on succinate 
oxidation, much higher quantities of the supplements 


be related to the particulate nature of the succinate 
system. 
LAURENCE M. Corwin 
Kraus ScHWARZ 


Laboratory of Nutrition and Endocrinology, 
National Institute of Arthritis and 
Metabolic Diseases, 

National Institutes of Health, 


Bethesda, Maryland. 

1 Chernick, 8. S., Moe, J. G., Rodnan, G. P., and Schwarz, K., J. 
Biol. Chem., 217, 829 (1955). 

* Mertz, W., and Schwarz, K., Proc. Soc. Exp. Biol. Med., 102, 561 
(1959). 

* Schwarz, K., Mertz, W., and Simon, E. J., Biochim. Biophys. 
32, 484 (1959). 

* Corwin, L. M., and Schwarz, K., J. Biol. Chem., 234, 191 (1959). 

5 Schwarz, K., Proc. Soc. Exp. Biol. Med., 78, 852 (1951). 

* Mertz, W., and Schwarz, K., Amer. J. Physiol., 196, 614 (1959). 

7Simon, E. J., Eisengart, A., Sundheim, L., and Milhorat, A. T., 
J. Biol, Chem., 221, 807 (1956). 

* Carpenter, M. P., Kitabchi, A. E., McCay, P. 
J. Bioi. —. ., 234, mag (1959). 

° Donaldson, K. ¢ a A., and Garrett, R. H., 

33, 572 (1988 
1° Pardee, A. B., and a V. R., 


Acta, 


, and Caputto, R., 
J. Biol. Chem., 


J. Biol, Chem., 176, 1085 (1948). 


lodination of Specific Sites on Bovine 
Serum Albumin 


Serum albumins have been widely studied with 
respect to their ability to bind a wide range of sub- 
stances!-*. Of particular interest are the nature of the 
binding sites and the question of whether the same 
sites are involved in binding different substances. 
Attempts have been made to elucidate the nature of the 
binding sites by determining the effect of chemical 
alteration of the serum albumin molecule on its 
binding properties*.*. Unfortunately direct chemical 


alteration does not permit evaluation of whether loss 
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of binding is due to an alteration of the site itself or 
some non-specific alteration of the molecule elsewhere, 
resulting in either a subsequent disruption of the 
site or to a non-specific effect on the site. 

In the case of antibodies against certain haptens, 
we have been able to show conclusively that the 
antibody site itself is affected by iodination. This 
was done by comparing antibody activity after 
iodination in the presence and absence of specific 
hapten’. Koshland e¢ al.‘ have recently presented 
supporting evidence. 

We have now been able to prove that iodination 
affects the actual sites on bovine serum albumin 
which are capable of binding p-iodobenzoate ion. 
This was done by iodinating bovine serum albumin 
in the presence and also in the absence of p-iodo- 
benzoate ion. The latter has been shown to 
be bound by bovine serum albumin’. The bovine 
serum albumin used was the ‘Pentex’ crystallized 
product. The iodination was carried out in the 
presence or absence of iodobenzoate ion in glycine 
buffer of pH 9 by adding a solution of hypoiodite 
labelled with iodine-131 in the same buffer*. After 
iodination the protein solutions were dialysed against 
four changes of 10 1. of buffer at 5° over a period of 
4 days to remove unbound iodide and p-iodobenzoate 
ion. Binding of p-iodobenzoate or methyl orange to 
bovine serum albumin preparations were carried cut 
at pH 8-0 in the same manner as described previously 
for binding to anti-azobenzoate antibody*®. Protein 
concentration was determined by Nessler reaction. 
Binding of iodobenzoate and methyl orange was 
determined by radiolabile’ and spectrophotometric’® 
methods respectively. Radioactive p-iodobenzoate 
was described previously". The results are shown in 
Table 1. 

When iodination was carried out in the absence of 
p-iodobenzoate so that an average of 43-8 iodine 
atoms were fixed per bovine serum albumin molecule, 
there was a marked decrease in the ability of the 
protein to bind p-iodobenzoate ion. However, when 
iodination was carried out in the presence of 0-02 M 
p-iodobenzoate to essentially the same extent, that 
is, 44-8 groups per bovine serum albumin molecule, 
the ability of the protein to bind p-iodobenzoate 
remained essentially unchanged. These results show 
that the part of the bovine serum albumin molecule 
which binds p-iodobenzoate ion is affected by the 
iodination process and contains an amino-acid rem- 
nant capable of being iodinated or oxidized by iodine 
since the site can be protected against alteration by 


Table 1. BinpiIne AcTIvity oF IODINATED BOVINE SERUM ALBUMIN — 
SPECIFIC PROTECTION OF SITES CAPABLE OF BINDING p-LODOBENZOATE* 


Iodobenzoate | Methyl orange 
boundt,t | boundt,§ 
Concen- | Moles | Concen- | Moles 
tration | per tration | per 
(M «10°)| mole |(Mx10*)| mole 
protein protein 


Iodine 
atoms per 
bovine 
serum 
albumin 
molecule 


Treatment of 
bovine serum 
albumin 


Untreated ‘ 53 4-7 
lodinated in 

presence of 

0-02 M iodo- 

benzoate 

lodinated 

without pro- 

tection 


* Bovine serum albumin or iodinated bovine serum albumin con- 
entration, 2 mgm./ml 

+ All samples were dialysed against common outer reservoir. 

t Free iodobenzoate concentration, 1:2 x 10°° M. 

§ Free methyl orange concentration, 1-17 10-* M. 
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carrying out the iodination in the presence of p-iodo- 
benzoate ion. The facts that iodination was carried to 
the same extent for both preparations, and that 
essentially no effect on the binding of p-iodobenzoate 
was found when iodination is carried out in the 
presence of iodobenzoate, prove that the loss of bind- 
ing power cannot be due to a non-specific effect of 
iodination on the protein molecule as a whole. 

It is of interest that the ability to bind methy! 
orange dropped appreciably and to the same extent 
(with these experimental conditions) during iodination 
regardless of whether the iodination was carried out 
in the presence or absence of p-iodobenzoate ion 
Iodination experiments were not carried out in the 
presence of methyl orange. 

The fact that the binding activity of both prepara 
tions for methyl orange was decreased equally 
indicates that methyl orange is bound at sites other 
than those at which the p-iodobenzoate is bound, and 
is a further indication that the binding of various 
substances to bovine serum albumin does not always 
involve the same sites. 

This work was supported by a grant from the 
National Institute of Allergy and Infectious Disease, 
U.S. Public Health Service. 
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GERALD RADZIMSKI 
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5-Hydroxyindoles in Human Cerebrospinal 
Fluids 


A mMopIFIcATION of the method described by 
Weissbach, Waalkes and Udenfriend' has been used 
for estimating the concentration of 5-hydroxyindoles 
in human cerebrospinal fluid. This is an estimation 
by fluorescence after protein precipitation using zinc 
hydroxide. 

The first series of observations was made on two 
groups of patients on ventricular drainage in a neuro- 
surgical ward. Group 1 of these patients (Table 1) 
were all hydrocephalic and had been previously show- 
ing high concentrations of protein in the cerebrospinal 
fluid for long periods of time. The 5-hydroxyindole 
concentrations were extremely high. Group 2, con- 
sisting of patients with a history of brain injuries or 
brain operations, had not been showing prolonged 
high protein concentrations in the cerebrospinal fluid 
and the 5-hydroxyindole figures were significantly 
lower than in group lI. 

In one of the samples of cerebrospinal fluid from 
group | it was possible to identify 5-hydroxyindolyl- 
3-acetic acid by paper chromatography, colour 
reactions and fluorescence characteristics. Attempts 
at detecting 5-hydroxytryptamine were made in three 
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Table 1 


Mean concentration 
5-OH indoles ngm./ml. 


No. 4730 


Type of patient No. of patients 
Significance 
Group 1 313 + 51° of difference 


Group 2 83 15 P< 0-001 


+ S.E. of the mean. 


instances with negative results (concentration 
1 ngm./ml.). 

A second series of investigations is in progress on 
the 5-hydroxyindole concentration in lumbar cerebro- 
spinal fluids. A comparison has been made between 
neurological patients requiring diagnostic air en- 
cephalography and psychiatric patients suffering 
from depressive psychoses. Table 2 shows a sig- 
nificantly lower concentration of 5-hydroxyindoles in 
the latter group. 


Table 2 
Mean concentration 
Type of patient No. of patients 5-OH indoles ngm./ml. 
Neurological 
patients 10 
Depressive 
psychoses 9 


32 -2 2-8* Significance 


of difference 
13-2 +2°5 P <0-001 


SE. of the mean. 


We wish to express our thanks to Dr. Elizabeth 
Robertson, Craig House, Royal Edinburgh Hospital ; 
Dr. Hermann, Ward 20, Royal Infirmary, Edinburgh ; 
Dr. Simpson and Dr. Stanton, Neurological Unit, 
Northern General Hospital, Edinburgh ; and Dr. M. 


Vogt, Department of Pharmacology, University of 


Edinburgh, for their help and co-operation during this 
work. 
W. ASHCROFT 
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Department of Pharmacology, 
University New Buildings, 
Teviot Place, 
Edinburgh 8. 
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Detection of N-Oxides of the Pyrrolizi- 
dine Alkaloids 


REAGENTS for the detection of alkaloidal N-oxides 
on paper chromatograms are few and are ‘usually 
rather insensitive or of low selectivity. Reaction 
with acetic anhydride, which is known to produce 
highly coloured by-products with the N-oxides of 
many alkaloids', provides sensitive and charact >ristic 
tests for those of the pyrrolizidine series. 

Paper chromatograms are dipped in acetic anhy- 
dride/benzene/petrol ether (1: 4:5 v/v), hung at 
room temperature for not longer than 2 min., and then 
placed in an air oven at 90-100° C. N-oxide spots 
fluorescent in ultra-violet light and also 
develop visible colour. 

The fluorescence is excited by ultra-violet lamps 
having maximum emission either at 3650 or at 
2536 A.; but background fluorescence is less with 
the former and so sensitivity is greater. Maximum 
fluorescence results after heating usually for 10—15 
min., and thereafter lessens either in the oven or at 
room temperature. N-oxides of alkaloids derived 
from heliotridine or retronecine produce a golden- 
yellow fluorescence detectable with 2—3 pgm./em.? ; 
those of supinine a medium brown, of sarracine a 
bluish-white and of anagyroidine (after 30 min.) a 
light yellow fluorescence, all detectable at 5 ugm./em.?. 


become 
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The visible colour becomes maximal after the same 
period of heating but is permanent. With N-oxides 
of alkaloids derived from heliotridine or retronecine, 
it is dark brown, detectable at 5-10 ugm./em.?. Supinine 
N-oxide yields a warm brown with greater sensitivity 
and sarracine and anagyroidine N-oxides, light 
browns with less sensitivity. 

Epilupinine N-oxide, not of the pyrrolizidine 
series, gives a bluish-white fluorescence and a weak 
orange-brown colour, and it is likely that N-oxides 
of some other alkaloidal groups would also be detect- 
able. 

A. T. Dann 


Animal Health Research Laboratory, 
Division of Animal Health, 
Commonwealth Scientific and Industrial 
Research Organization, 
Parkville, Victoria. 


4Culvenor, C. C. J., Rev. Pure and App. Chem., 3, 104 (1953). 


(+) S-Methyl-L-Cysteine Sulphoxide : an 
Inhibitor of Aspartic Acid Utilization in 
Leuconostoc mesenteroides 

THE dextro (+) form of S-methyl-t-cysteine 
sulphoxide has been isolated from turnips' and from 
cabbages’, and its widespread occurrence in crucifers 
has been inferred from chromatographic evidence!.?, 
The next higher homologue, methionine sulphoxide, 
acts as an inhibitor of glutamic acid utilization by 
Lactobacillus arabinosus*.*, This structural relation- 
ship suggested that S-methyl-L-cysteine sulphoxide 
might act as an inhibitor of aspartic acid in an 
analogous manner. The two diastereoisomeric sul- 
phoxides of S-methyl-L-cysteine ((+) and (—) 
S-methyl-L-cysteine sulphoxide) were tested as 
aspartic acid antimetabolites in Leuconostoc mesen- 
teroides. The natural isomer (+) S-methyl-L-cysteine 
sulphoxide inhibits the utilization of aspartic acid, 
but (—) S-methyl-t-cysteine sulphoxide has no 
measurable activity. On several counts this system 
can be contrasted with the methionine sulphoxide 
glutamic acid system. 

L. mesenteroides (ATCC 8042) was maintained on 
liver tryptone agar between trials and on liver 
tryptone broth prior to use. The complete medium 
of Steele et al.5 with the exclusion of aspartic acid and 
asparagine was used in inhibition studies. In general, 
the final volume per tube was 9 ml. and growth was 
measured by titrating the acid produced after 72 hr. 
incubation at 37° C. Over a range of 0-25 ugm. 
aspartic acid per tube-growth is linear. 

With (+) S-methyl-L-cysteine sulphoxide, consistent 
growth inhibition was apparent from turbidity 
observations and acid measurements, whereas (—) S- 
methyl-L-cysteine sulphoxide had no detectable 
effect. An equimolar mixture of the (+) and (—) 
forms had an activity equivalent to the (+) form 
Table 1. EFFECT OF S-METHYL-L-CYSTEINE SULPHOXIDE (MCSO) on 


THE UTILIZATION OF L-ASPARTIC ACID BY Leuconostoc mesenteroides. 
Each figure represents the mean of three determinations 


| 
Molar 
L-aspartic ratio 
acid sulph- Con- 
umoles oxide: | trol (+) MCSO | ( 
| 


Ml. of 0-02 N acid produced Inhibition 
- sepa = ) 

(+) MCSO 
) MCSO | (per cent) 
| aspartic | 
0-11 5-50 
0-15 | 133: 7-49 
0-11 1,000 : 5-98 2°75 


6°25 
8-71 
6-05 
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Table 2. ErrecT OF L-ASPARAGINE AND METHYL C YSTEINE SULPHONE 











ON THE UTILIZATION OF L-ASPARTIC ACID BY Leuc leroides 
Additions Amount Growth* 
Aspartic acid | 0-1 wmole 6-38 
Aspartic acid + | 0-1 wmole 2-06 
MCSO 100 ymole 
Aspartic acid + 0-1 wmole 7°52 | 
asparagine 0-1 pmole 
Aspartic acid + 0-1 pmole 2-33 
asparagine + 0-1 smole 
MCSO 100 smole | 
Aspartic acid + 0-1 wmole 7°53 
MCSO, 100 ysmole 


* Ml. of 0 02 Ne acid produced in 72 hr. incubation at 37° C.; final 
volume: 10 ml. per tube. 





alone. The inhibition of growth by (+) S-methyl-r- 
cysteine sulphoxide was overcome by the addition of 
more L-aspartic acid. Some typical results which 
show the magnitude of inhibition are summarized in 
Table 1. A molar ratio of 1,000: 1 is required for 
54 per cent inhibition. 

In the Borek and Waelsch system’, methionine 
sulphoxide, in 35:1 ratio, inhibits glutamic acid 
utilization to the extent of 88 per cent. In direct 
contrast to the system described in the present com- 
munication, the (—) form of methionine sulphoxide 
possesses the greater activity ; however, it is only 
2} times as active as the (+) isomer’. 

Another difference between these two systems is 
encountered in comparing the relative activities of 
the sulphone derivatives. In the aspartic system, 
methyl cysteine sulphone has shown no inhibition at 
a ratio of 1,000: 1 (Table 2 whereas Borek and 
Waelsch* observed that methionine sulphone, in 
4: 1 ratio, gave a 72 per cent inhibition of glutamic 
acid utilization. 

With L. arabinosus the growth inhibition by 
methionine sulphoxide is completely eliminated by 
replacing the glutamic acid with an equivalent amount 
of glutamine*. It has been concluded that methionine 
sulphoxide affects the amidation of glutamic acid. In 
the L. mesenteroides system asparagine has no growth- 
promoting effects in the absence of aspartic acid ; 
however, the different manner in which aspartic acid 
and glutamic acid are utilized may be due to differ- 
ences in the organisms. If an equivalent amount of 
asparagine is added in the presence of aspartic acid 
there is no sparing effect on the aspartic acid inhibi- 
tion by (+) S-methyl-L-cysteine sulphoxide (Table 2). 
In the L. mesenteroides system (+) S-methyl-1- 
cysteine sulphoxide is evidently affecting some 
reaction other than the amidation of aspartic acid. 


WitFrRep N. ARNOLD 
CLAYTON J. Morris 
Joun F. THOMPSON 


U.S. Plant, Soil and Nutrition Laboratory, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
and Department of Botany, 
Cornell University, 


Ithaca, New York. 


! Morris, C. J., and Thompson, J. F., J. Amer. Chem. Soc., 78, 1605 
(1956) 

* Synge, R. L. 

* Waelsch, H., Owades, P., Miller, H. K., and enek 
166, 273 (1946). 

* Borek. E., Miller, H. K., Sheiness, P., and Waelsch, H., J. Biol. Chem., 
163, 347 (1946). 

Steele, B., Sauberlich, H. E., Reynolds, M. S., and Baumann, C. A., 

J. Biol. Chem., 177, 533 (1949). 

* Rorek. E., and Waelsch, H., J. Biol. Chem., 177, 135 (1949). 






M.. and Wood, J. C., Biochem. J., 64, 252 (1956). 
E., J. Biol. Chem.., 


’ Borek, E., and Waelsch, H., Arch. Biochem., 14, 143 (1947). 
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Non-Identity of Triosephosphate Dehydro- 
genase of Adult Male and Nymph 
Development Stages of Triatoma 

infestans 


WHILE studying the mode of action of 2,2-bis- 
(p-chloropheny])-1,1,1-trichloroethane (DDT) on T'ri- 
atoma infestans it was found that an in vivo dose 
of both DDT and 2,2-bis-(p-chloropheny])-1,1-dichloro- 
ethylene (DDE) which inhibited triosephosphate 
dehydrogenase derived from male adult specimens 
of T. infestans was without effect on the enzyme 
derived from nymph specimens (our unpublished 
observations). This different behaviour of triose- 
phosphate dehydrogenase derived from two different 
stages in development of the same insect has been also 
observed in vitro. Extracts for enzymatic assay were 
prepared as follows. The thoraces and legs of male 
or nymph specimens were ground in a mortar with 
0-15 _M potassium chloride and extracted during 
60 min. at 2°; the resulting brei was filtered 
through cheese-cloth to remove pieces of cuticle and 
the filtrate centrifuged at 20,0007 for 60 min. at 2°; 
the supernatant fluid was finally filtered through 
Whatman No. 1 paper and used as such as a source 
of enzyme. ‘Triosephosphate dehydrogenase was 
assayed as described elsewhere!. 

Table 1 shows that DDT or DDE added in acetone, 
at a final concentration of 2-8 x 10-5 M, produced 
26 and 28 per cent inhibition respectively of adult 
male triosephosphate dehydrogenase, while no effect 
was observed on the nymph enzyme. These observa- 
tions suggested that although adult male and nymph 
triosephosphate dehydrogenase catalyse similar re- 
actions, they may not be identical with each other. 
Evidence supporting this view was obtained by the 
use of specific antibodies. Specific antisera were 
prepared according to Freund et al.*. The anti- 
serum against male adult triosephosphate dehydro- 
genase markedly inhibited the activity of male 
triosephosphate dehydrogenase; by contrast, the 
antiserum against nymph triosephosphate dehydro- 
genase did not affect the activity of the male enzyme, 
but strongly inhibited the activity of the nymph 
enzyme (Fig. 1). 

Table 1. ErFEct OF DDT AND DDE ON TRIOSEPHOSPHATE DEHYDRO- 


GENASE ACTIVITY OF ADULT MALE AND NYMPH EXTRACTS OF 
Triatoma infestans 


Additions Male extracts Nymph extracts 
Change in optical density/min./mgm. protein 
None 0-300 0-119 
DDT 0-223 0-123 
DDE 0-216 0-130 
System: 100 ywmoles pyrophosphate buffer, pH 8-5; 2-4 umoles 
diphosphopyridine nucleotide; 10 mmoles magnesium chloride; 


10 moles arsenate; 10 umoles l-cysteine; 0-5 umole 3-phospho- 
glyceraldehyde to start the reaction; DDT and DDE added in 10 al. 
acetone, final molarity, 2-8 x 10-*M; 0-05 ml. male extract and 
0-1 ml. nymph extract; the cuvettes without DDT or DDE had 
10 wl. acetone as control : the blank cuvettes contained the same 
components as the experimental cuvettes with the exception of 
3-phosphoglyceraldehyde. Final volume, 3-0 ml. 

While studies on the effect of DDT on various 
enzymatic systems have so far failed to clarify the 
mode of action of DDT, the above observations may 
have some bearing on the problem of the resistance 
towards DDT, since adult male specimens of 7. 
infestans are quite susceptible to DDT, whereas 
nymphs are relatively resistant. 

This work was supported by grant H—2300 of the 
Division of Research Grants and Fellowships of the 
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Fig. 1. The effect of specific antisera on the triosephosphate de- 
hydrogenase of male and nymph specimens of 7’. infestans. 
System: 100 wmoles pyrophosphate buffer, pH 8-5; 2-4 wmoles 
diphosphopyridine nucleotide; 10 wmoles magnesium chloride ; 
10 wmoles arsenate; 10 w~moles l-cysteine; male or nymph ex- 
tracts to give a change in optical density of about 0-040 per min. 
All components were incubated in the presence of variable 
smounts of antiserum, as shown, during 20 min. at room tem- 
perature (25°) and then the reaction started by the addition of 
0-5 pmole 3-phosphoglyceraldehyde. Adequate controls with 
normal serum were carried out. Final volume, 3-0 ml. 
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Department of Parasitology, 
University of Chile, 
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1 Agosin, M., and Aravena, L., Exp. Parasitol., 8, 10 (1959). 
*Freund, J., Thomson, K. J., Bough, H. B., Sommer, H. E., and 
Pisani, T. M., J. Immunol., 60, 383 (1948). 


Xanthine Dehydrogenase in the Silkworm, 
Bombyx mori L. 


ALTHOUGH considerable amounts of uric acid have 
been demonstrated in the silkworm larva, Bombyx 
mori'*, very little is known about the intermediary 
purine metabolism in insects*-*. In the formation of 
uric acid it is the xanthine enzyme system which 
catalyses the oxidation of purine derivatives xanthine 
and hypoxanthine to the acid. 

Recent studies on purine metabolism’ have dis- 
closed that the xanthine enzyme system in the silk- 
worm moth behaves as dehydrogenase just like that 
of chicken liver*. It is highly probable that in the 
silkworm xanthine dehydrogenase plays an active 
part in uric acid formation. 

The experiments described here were performed to 
establish the principal sites of xanthine dehydrogenase 
activity of the various organs and tissues in silkworm 
larve, demonstrating the existence of purine meta- 
bolic system. 

Samples of the insect tissues were dissected out and 
washed to free them from adhering particles, and 
after removing the water with filter paper the tissues 
were weighed, then homogenized in 0-1 M pyrophos- 
phate buffer (pH 8-3) to obtain 10 per cent homogen- 
ate. 

As the xanthine enzyme catalyses the oxidation of 
xanthine by molecular oxygen and by other hydrogen 
acceptors such as methylene blue, both the aerobic 
manometric method and the anaerobic Thunberg 
method suitable for the measurement of the 
enzyme 


are 
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Table 1. OXYGEN CONSUMPTION AND URIC ACID FORMATION FROM 
XANTHINE IN THE TISSUES (5TH INSTAR) 
Oxygen uptake Uric acid formation 
(aL./ml./hr.) (optical density/ml./hr.) 

With | Without With Without 
| Materials methylene | methylene | methylene | methylene 
| lue blue ue 
Digestive organ 10-90 1-60 0-232 0-016 
| Malpighian tube 15-70 0-20 0-258 0-001 
| Fat body 39-10 3-40 0-308 0-016 
| Integument 3-00 0-90 — ome 
| Blood 4-00 0-70 0-011 0-003 

















t 





For the aerobic measurement*-*, 1 ml. of the tissue 
homogenate was added to the main compartment of a 
Warburg flask containing 0-2 ml. of either distilled 
water or methylene blue (0-:0113 M), the side arm 
and centre well of which carried 0-3 ml. of 0-025 M 
xanthine solution in 0-005 M sodium hydroxide and 
0-2 ml. of 20 per cent solution of potassium hydroxide 
respectively, making the total fluid volume 1-7 ml. 
Oxygen uptake was measured manometrically at 37° 
C. with air as gas phase. Xanthine solution in the 
side arm was tipped in after 10 min. temperature 
equilibrium. Readings were taken every 10 min. for 
60 min., and thereafter the reaction mixture was 
adopted to estimate the uric acid formation by 
Brown’s methods’. 

For the anaerobic measurement’®-", the enzyme 
activity in the tissues was measured using the 
anaerobic reduction of the colourless dye 2,3,5-tri- 
phenyl tetrazolium chloride in a Thunberg tube. 
The reaction was carried out by mixing the following 
solution (maintained at 37° C. for 40 min.): 1 ml. of 
0-1 M pyrophosphate buffer (9H 8-3) and 1 ml. of 
tissue homogenate in the body of Thunberg tube, 
and 1 ml. of 10-° M 2,3,5-triphenyl tetrazolium 
chloride solution and 1 ml. of xanthine (0-025 M) in 
the side arm. The reaction was stopped by 0-2 ml. of 
20 per cent trichloroacetic acid, and the enzyme 
activity was expressed in optical density of the red 
formazan extracted with ethyl acetate. 

Table 1 shows the xanthine dehydrogenase activity 
of the various tissues. The result clearly was demon- 
strated that the enzyme activity occurred in the 
digestive organ, Malpighian tube and _ fat-body 
preparations with methylene blue, but not without 
methylene blue. 

However, little or no activity could be detected in 
the integument and blood with or without methylene 
blue. The enzyme activity of fat body was high in 
comparison with that of the digestive organ and 
Malpighian tube. Further, the tissue preparations de- 
scribed above could transform xanthine into uric 
acid only when methylene blue was used as hydrogen 
carrier. It is suggested that the enzyme in larve, like 
that of the silkworm moth, is essentially of dehydro- 
genase nature rather than oxidase. 

The rate of reduction of 2,3,5-triphenyl tetrazolium 
chloride using xanthine as substrate is presented in 
Table 2. The result indicates that the homogenate 
from the digestive organ, Malpighian tube and fat- 
body reduced the 2,3,5-triphenyl tetrazolium chloride, 
except that from blood and integument. Xanthine 
dehydrogenase activity in these tissues is in general 
agreement with the experiment shown in Table 1 
with methylene blue, using an aerobic procedure. 

The 2,3,5-triphenyl tetrazolium chloride used in a 
Thunberg tube was demonstrated to be a satisfactory 
receptor of the xanthine dehydrogenase system in the 
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Table 2. REDUCTION OF 2,3,5-TRIPHENYL TETRAZOLIUM CHLORIDE 
BY THE XANTHINE DEHYDROGENASE IN THE TISSUES (5TH INSTAR) 


Materials Endogenous (£) With substrate (2) 
Digestive organ 0-030 0-086 
Malpighian tube 0-097 0-301 
Fat body 0-025 0-467 
Integument 0-090 0-095 
Blood 0-167 0-119 


silkworm. The name of xanthine oxidase in chicken 
liver has been proposed as xanthine dehydrogenase 
by Remy, Richert and Westerfeld*, only because 
the catalysis from xanthine to uric acid reacts more 
slowly with molecular oxygen than with methylono 
blue. Thus, in addition to the previous result it is 
further substantiated that the xanthine enzyme 
system in the silkworm is of a dehydrogenase 
character. 

I wish to express my thanks to Prof. K. Hasegawa 
(Sericultural Laboratory) and Mr. A. Yoshida (Food 
and Nutrition Laboratory) for valuable advice and 
help throughout this work. 

YOsHIYUKI HAYASHI 

Sericultural Laboratory, 

Faculty of Agriculture, 

Nagoya University, 
Anzyo, Aitiken. 

*Hatamura, M., J. Serie. Exp. Stat., 11, 347 (1942). 

* Shimizu, 8., J. Seric. Exp. Stat., 11, 379 (1942). 

* Anderson, A. O., and Patton, R. L., Science, 120, 956 (1954). 
* Sigematsu, H., J. Serie. Sci., 25, 115 (1956). 

Hayashi, Y., Kagaku, 27, 467 (1957) (in Japanese). 

* Remy, C. N., Richert, D. A., and Westerfeld, W. W., J. Biol. Chem., 

193, 649 (1951). 

’ Axelrod, A. F., and Elvehjem, C. A., J. Biol. Chem., 140, 725 (1941). 
*Dhungat, S. B., and Sreenivasan, A., J. Biol. Chem., 208, 845 
(1954). 
* Brown, H., J. Biol. Chem., 156, 601 (1945). 
* Shellon, E., and Schneider, W. C., Anat. Ree., 112, 61 (1952). 
't Brodie, A. F., and Gots, J. S., Science, 116, 588 (1952). 
* Villela, G. G., Mitidieri, E., and Affonso, O. R., Nature, 175, 208 


(1955). 


Body-Weight and Age in Relation to the 
Metabolic-Rate of the Young Pig 


AN animal’s maturity at birth is manifested in 
part by its degree of dependence on its environment, 
and by its changes in metabolic-rate with age as 
distinct from changes caused by its increasing size 
and varying body temperature. Some animals tend 
towards poikilothermy in the period immediately after 
birth, while others are only weakly homoeothermic'. 
Mount? has shown that new-born pigs, on the 
other hand, of ages from 1 hr. onwards, react to 
exposure to a temperature of 4° C. with a marked 
rise in metabolic-rate, thus showing characteristics 
of the adult homceotherm. Mount’s findings, how- 
ever, were not in agreement with those of Holub, 
Forman and JeZkova‘', who concluded that thermo- 
genesis in response to cold does not begin to appear 
in the young pig until the ninth day after birth. 

The question to be considered here is whether 
oxygen consumption varies with age independently 
of concomitant changes in body-weight. Holub, 


JezZkové and Forman’ have found oxygen consump- 
tion per unit body-weight to be closely correlated 
both with age and with body-weight. Because of the 
high correlation between body-weight and age, 
however, it is necessary to consider these variables 
simultaneously to determine whether oxygen con- 
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Table 1. PARTIAL REGRESSION COEFFICIENTS AND THEIR STANDARD 
ERRORS FOR LOG (TOTAL OXYGEN CONSUMPTION ML. PER MIN.) ON 
LOG (BODY-WEIGHT), RECTAL TEMPERATURE AND AGE 





| 


| log Rectal 
| (body-weight, temperature | Age (hr.) 
kgm.) | ( C,) } 
30° C, first } 
week 0-610 +0-064 | 0-157+0-035| 0-000748 +0 -000403 
4° C, first | } 
week 0-562 40-136 | 0-105 40-029 0 -001106 +0 -000763 
30° C. 1-5 | 
weeks 0-684 +0 -083 | 0-150 40-038 | —0-000372 +0 -000126 


sumption varies with age independently of body- 
weight. In interpreting the results of the experiment 
described below, therefore, multivariate regression 
analyses* were used so that the relation with age 
could be studied when body -weight was held constant ; 
variations in rectal temperature were also taken into 
account. 

The experiment involved 98 pigs in the first five 
weeks after birth. Oxygen consumption was used as 
the index of metabolic-rate and the investigation was 
carried out on three groups of pigs, differing in respect 
of the ambient temperature for the measurement, and 
age; these groups will be referred to as 30° C. first 
week, 4° C. first week and 30° C. 1-5 weeks. Log 
(total oxygen consumption per min.) was examined 
in relation to age, rectal temperature and log (body- 
weight). The partial regression coefficients and their 
standard errors for each of the three variables are 
given in Table 1, and the expressions for oxygen 
consumption-rates for single animals are given below 
for the three groups (1) 30° C. first week, (2) 4° C. 
first week and (3) 30° C. 1-5 weeks : 

(1) 0-0442 B. W.%8 ¢91572-7. ¢0°000748 age 
(2) 0-7134 B.W.*>*2 e® 105 B.T. e001 106 age 
(3) 0-0598 B. Ww. 654 99 150 R.T. » —0°000372 age 


where B.W. = body-weight (kgm.) and R.T.=rectal 
temperature (°C.); oxygen consumption-rate was 
measured in ml./min. and age in hours. 

The relative effects of body-weight and age on 
oxygen consumption have been examined by cal- 
culating from the above expressions the effects of 
differences in body-weight for pigs of a given age. and 
the effects of differences in age for pigs of a given 
body-weight (rectal temperature was held constant at 
39° C. in all cases). The age—weight regression shows 
Table 2 (a). EFFECTS OF DIFFERENCES IN BODY-WEIGHT ON OXYGEN 
CONSUMPTION OF PIGS AT A GIVEN AGE 


Body- Oxygen 
Age weight | consumption | Difference 
(constant) (kgm.) (ml./min.) 
30° C. first week | 3days {| 1°50 | 27°6 
| 1:36 | 31°5 3-9 
4° C, first week | 3 days 1-50 58-5 
| 1:36 | 65-9 7-4 
30° C. 1-5 weeks | 3 weeks | 3-83 43-6 
5-68 57-0 13-4 


Table 2 (6). EFFECTS OF DIFFERENCES IN AGE ON OXYGEN CON- 
SUMPTION OF PIGS OF A GIVEN BODY-WEIGHT ; THE AGE DIFFERENCE* 
USED CORRESPOND TO THE WEIGHT DIFFERENCES IN TABLE 2 (@) 


Body- Oxygen 
weight Age consumption Differ- 
| (constant) | (mi./min.) | ences 
30° C. first week 1-68 kgm.| 2 days 29-0 
4 days 30:1 1-1 
4° C, first week | 1-68kgm.| 2days | 60°7 } : 
| 4 days 64-0 3:3 
30° C. 1-5 weeks | 4-75 kgm.| 2 weeks 53-8 : 
| 4weeks | 47-4 6-4 
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that during the period between 2 and 4 days after 
birth, body-weight increased from 1-50 to 1-86 kgm. 
(mean = 1-68 kgm.). Thus the difference in oxygen 
consumption between 3-day-old pigs of weights 1-50 
and 1-86 kgm. was compared with the difference in 
oxygen consumption between pigs aged 2 and 4 days 
but the same weight, 1-68 kgm. A similar procedure 
was adopted for the older pigs (1-5 weeks). The 
results of these calculations are given in Tables 2a 
and 2b and show that differences in body-weight had 
at least double the effect on oxygen consumption of 
corresponding differences in age. Indeed, during the 
first week, it is not certain whether age affected oxygen 
consumption at all; the individual partial regression 
coefficients for the first two groups shown in Table 1 
were not significant but, taken together, there is a 
suggestion that oxygen consumption increases slightly 
with age (body-weight and rectal temperature fixed). 
From | to 5 weeks, the reduction in oxygen consump- 
tion with age (body-weight and rectal temperature 
fixed) was significant; possible reasons for this 
comparatively small effect will be discussed in a later 
paper. 

As a result of this experiment, it appears that the 
changes in the oxygen conswmption-rate of the young 
pig with age are of only minor importance when 
body-size and body-temperature changes have been 
taken into account. This conclusion considered in 
conjunction with the vigorous metabolic response of 
the newly born pig to cooling of its environment 
reported by Mount? suggests that thermogenesis is 
well developed at birth. 

We are indebted to Dr. J. H. Gaddum for discussion 
of the statistical analysis of this investigation. 


L. E. Mount 
Agricultural Research Council 
Institute of Animal Physiology, 
Babraham, 
Cambridge, 
J. G. ROWELL 
Acricultural Research Council 
Statistics Group, 
School of Agriculture, 
University of Cambridge. 
*Gelineo, S., Usp. sovrem. biol., 47, 108 (1959). 
*Mount, L. E., Nature, 182, 536 (1958). 
*Mount, L. E., J. Physiol., 147, 333 (1959). 
‘Holub, A., Forman, Z., and Je%kovaé, D., Nature, 180, 858 (1957). 
‘Holub, A., JeZkové, D., and Forman, Z., Physiol. Bohem., 7, 521 


1958). 
* Fisher, R. A., “Statistical Methods for Research Workers”’, thirteenth 
ed. (Oliver and Boyd, Edinburgh, 1958). 


Determination of Small Rapid Volume 
Changes in a Muscle during Activity 


A METHOD has been developed for measuring small 
rapid volume changes occurring in a muscle during a 
single twitch. In order to achieve the necessary 
sensitivity and speed of response, a capacitance 
transducer has been developed which uses a com- 
mercially available detector-amplifier circuit (the 
‘Dynagage’, from Photocon Products). The changes 
are displayed on a cathode-ray oscilloscope. Single 
gastrocnemius and sartorius muscles from Rana 
pipiens are used. 

Following a stimulus applied through a multi- 
electrode assembly, volume changes occur after a 
short latent period. An initial apparently small 
increase in volume precedes the main decrease of 
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Fig. 1. Record of volume changes at 18° C., in single frog sartorius 

muscle, The muscle is held isometrically at reference length 

and is stimulated with a single shock. he stimulus point is 

indicated below the volume record. Each large division represents 

20 msec. on the abscissa and 0:3 « 10-* c.c. on the ordinate. 
Uncorrected for delay 


volume (Fig. 1), which is about 1-6 « 10-5 ¢.c./gm. in 
gastrocnemius and 5 x 10-* ¢.c./gm. in sartorius 
muscle. 

Analysis to correct for delays in the chamber using 
a step-function volume-change from a loudspeaker 
coil movement showed that the early increase is 
actually almost as large as the later decrease in 
volume, and has almost the same time course as 
latency relaxation (Sandow, 1944) and as early 
transparency changes in a twitch (D. K. Hill, 1953). 

The increase in volume is rapidly reversed and the 
maximum decrement in volume is reached appre- 
ciably before the peak of isometric tension. At the 
end of relaxation a decrease in volume persists 
(Fig. 1), and at 0° C. almost no volume recovery 
oceurs in sartorius muscle. It therefore seems 
unlikely that these volume changes result from 
internal pressure changes due to muscle tension 
(A. V. Hill, 1948), and perhaps the time course of 
decrease in volume reflects that of the developing 
active state. 

In view of the continuing inability to demonstrate 
chemical changes during a single contraction, it may 
be well to re-estimate the information, which measure- 
ments such as volume and opacity changes can pro- 
vide, on the events both of the excitation coupling 
and on protein organization in contraction. 

B. C. ABBOTT 
R. J. BASKIN 
Department of Zoology, 
University of California at Los Angeles. 


HAEMATOLOGY 


A Hemoglobin-binding 8-Globulin in 
Human Serum 


A NUMBER of human serum proteins have the 
property of forming definite compounds with hemo- 
globin. The term haptoglobin has been applied to 
them by Jayle'.*, who was able to isolate them by 
salt fractionation and characterize them as «,-glob- 
ulins by electrophoresis. In several studies using paper 
electrophoresis, hzmoglobin-binding proteins have 
been detected in the «, region. Hemoglobin has also 
been found in the 8-globulin region, especially when 
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large amounts are present, but since free hemoglobin 
itself migrates as a 8-globulin, it has been assumed 
that this represents uncombined hemoglobin. Neale, 
Aber and Northam® found that a discrete band in the 
8-globulin region reacted with benzidine reagents, but 
did not appear to be free hemoglobin. They sug- 
gested that a 8-globulin binds hemoglobin as well as 
an a,-globulin. 

The technique of immuno-electrophoresis‘ has 
certain advantages in investigating the problem since 
the effect of free haemoglobin may be largely ruled out. 
After the anti-serum diffusion stage, excess protein 
was removed by washing the agar extensively with 
water and the preparations stained for hemoglobin 
with benzidine, using sodium nitroprusside as a 
stabilizing agent®. Two lines stained blue with 
benzidine, one in the «, region and one in the $ region 
(Fig. 1). The «, line can just be seen to be doubled 
in some individuals. Combination with hemoglobin 
does not noticeably affect the electrophoretic mobility 
of these components, since the same lines can be seen 


ortgin 
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Fig. 1. Immunoelectrophoresis patterns of four different sera after benzidine staining. 
Each serum contained 200 mgm. hemoglobin per 100 ml. The two lines which stained 


blue with benzidine are marked a and 8 


in the same place in hemoglobin-free serum. The «, 
line or lines appear to correspond with the now well- 
known haptoglobins 1 and 2 of Smithies*, while the 
fact that only two lines can be detected lends some 
support to the hypothesis of Allison’ that thenumerous 
haptoglobins found in some individuals by starch-gel 
electrophoresis are polymers, either of the type 2 
haptoglobin with itself or with type 1. 

The line in the 8 region cannot be due to free 
hemoglobin, both because it is readily seen in serum 
which contains no hemoglobin and because h#mo- 
globin itself gives no precipitin line with the anti- 
serum used (horse anti-human serum, Institut 
Pasteur, Paris). Burtin et al.* have reported that on 
storage the «,-haptoglobins become transformed into 
@ component with 8 mobility. The hemoglobin- 
binding $-globulin detected in immuno-electrophore- 
sis does not represent this converted form of the 
a,-haptoglobin since it is present in fresh serum. 


Albumin | 
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Furthermore in very old sera the «,-haptoglobin has 
a muh lower electrophoretic mobility than in fresh 
sera, but gives a precipitin arc quite different from 
that shown by the hemoglobin-binding 6-globulin. 
It is possible that the 8-globulin-antibody complex, 
when formed in the presence of free hemoglobin, is 
capable of binding it, while the 6-globulin alone does 
not. Other arcs formed in the presence of free 
hemoglobin do not show binding, however, and it is 
most unlikely that this was the source of the benzidine 
staining found. 

These results suggest strongly that there is a 
8-globulin in human serum capable of binding 
hemoglobin, in addition to the well-known «,-globu- 
lins. Studies in which increasing amounts of hemo 
globin have been added to serum indicate that the 
8-haptoglobin has a lower affinity for hemoglobin 
than the «,-haptoglobins, and it does not start to 
bind hemoglobin until the «,-haptoglobin is substan 
tially saturated. It has been detected in each of 
thirty sera and two cord sera so far examined, and 
unlike the «,-haptoglobins it does 
not show marked individual varia- 
tion, at least by this technique. It 
is not transferrin, since it forms an 
are just inside that of transferrin in 
immunoelectrophoresis. However, 
its electrophoretic mobility on paper 
and in starch gels, solubility in 
ammonium sulphate (just soluble 
in half saturated) and its behaviour 
on ion-exchange cellulose columns 





transferrin. 

Although the $-globulin described 
appears to have a much smaller 
capacity for hemoglobin than the 
%,-haptoglobins, which are un- 
doubtedly the major haptoglobins 
quantitatively, its existence should 
be taken into account in determ- 
ining the hemoglobin-binding capa- 
city of serum; some. existing 
methods appear to exclude it. It 
may also take a significant physiol- 
ogical role in those individuals who 


normally have a very low level of 


a,-haptoglobin. In one such case 
the $-haptoglobin was present but 
did not appear to be elevated. 

[I am much indebted to the 
British Empire Cancer Campaign 
for financial support and to the Photographic 
Department for Fig. 1. 


M. P. Tomss 


Department of Chemical Pathology, 
Westminster Medical School, 
London, 8.W.1. 


* Jayle, M. F., Bull, Soc. Chim. Biol., 21, 14 (1939). 

* Jayle, M. F., Boussier, G., and Tonnelat, J4 Bull. Soc. Chim. Biol. 
38, 343 (1956). 

* Neale, F. C., Aber, G. M., and Northam, B. E., J. Clin. Path., 11 
206 (1958). 

* Scheidegger, J. J., Intern. Arch. Allergy App. Immunol., 7, 105 
1955). 

* Swarup, S., Ghosh, 8S. K., and Chatterjea, J. B., Bull. Calcutta 
School Trop. Med., 7, 150 (1959). 

* Smithies, O., Biochem. J., 61, 629 (1955). 

? Allison, A. C., Nature, 183, 1312 (1959). 

* Burtin, P., Grabar, P., Boussier, G., and Jayle, M. F., Bui! 
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are all closely similar to those of 
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Fibrinogenolysis in Joints 

Tue following observations were made in the 
course of an investigation into the reasons for the 
apparent failure of blood to clot when shed into 
synovial joints. 

Growing rabbits, 3-4 months old, were used. 
Plasma was prepared from citrated blood (two 
volumes 3-8 per cent sodium citrate to eight of 
blood). Veterinary nembutal was used as anesthetic. 
The rabbit’s knee joint was injected with plasma until 
full (2-0-2-5 ml.). A control specimen was placed in 
a siliconed tube in a water-bath at 37°C. At pre-set 
intervals 0-25-ml. samples of fluid were aspirated for 
fibrinogen estimations. At the end of the experiment 
the animal was killed by excess nembutal or bleeding. 
The knee joint was then opened, free fluid collected 
and clots thoroughly searched for. Any clot found 
was retained for estimation of fibrin content. 

Fibrinogen estimations were carried out in duplicate 
using King’s Nesslerization method! modified only by 
the use of thrombin (Maw’s, 10-20 units) to preci- 
pitate the fibrin instead of simple recalcification. The 
duplicate results were averaged. Plasma clots 
recovered from the joints were washed in saline once, 
and in distilled water three times, with firm expression 
of the contained fluid between glass slides at each 
stage. The fibrin content was estimated by Nessleriza- 
tion. 

The findings in fifteen experiments are exemplified 
in Fig. 1. The fibrinogen-level falls to zero in 1-1} hr. 
Plasma incubated in vitro shows no fall or only a 
relatively slight drop in fibrinogen-level over the 
same period. 

Recovery of the full volume of plasma injected was 
not achieved, about half leaking out of the joint during 
the experiment. In three experiments no clot was 
found in exploring the joint. Analysis of the residual 
clot when present in no instance revealed enough 
fibrin to account for the observed fall of fibrinogen- 
levels in the volume of fluid recovered, let alone in 
that injected. In the experiment illustrated 0-33 mgm. 
fibrin was recovered from the joint as clot. The loss 
of fibrinogen observed in the volume of fluid recovered 
was equivalent to 1-29 mgm. fibrin. As fibrinogen 
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was lost almost certainly from a greater volume of 
plasma than that recovered by aspiration, the total 
fibrinogen to be accounted for is greater than this 
figure. 

Although it was difficult to avoid the entry of 
thrombin and the formation of small clots, it seemed 
that the greater part of the fibrinogen in the joint 
was destroyed by lysis. 

In further experiments it was found that fibrino- 
genolysis does not occur in. the dead animal; it is 
much slower in fully grown animals than in the 
young ; it is completely inhibited by heparin (5 units/ 
ml.) and is inhibited by crystalline soya bean trypsin 
inhibitor at a concentration of 1 mgm./ml., but not 
at 0-13 mgm./ml. 

These experiments suggest that, in contrast to most 
in vitro experiments, in vivo conditions may exist in 
which fibrinogenolysis occurs quite rapidly while, at 
the same time, fibrinolysis occurs but slowly, if at all. 
The possibility that fibrinogenolysis is caused by the 
activation of plasmin is supported by the observed 
inhibitory effects of heparin and soya bean inhibitor. 
The presence of plasmin activators in joint tissues has 
already been reported?.*. 

Intra-articular fibrinogenolysis could be one factor 
responsible for the partial failure of blood to clot 
when shed into synovial joints. 


A. J. HARROLD 


Institute of Orthopaedics, 
Royal National Orthopaedic Hospital, 
Brockley Hill, Stanmore, 


Middlesex. 
King, E. J., ‘“‘Microanalysis in Medical Biochemistry” (Churchill, 
1946). 
? Astrup, T., and Sjolin, K. E., Proc. Soc. Exp. Biol., N.Y., 97, 852 
(1958). 
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HISTOLOGY 


Localization of Amino-acids for Histo- 
chemical Estimation 


SERRA! attempted to determine total amino-acids 
in frozen tissue sections with alloxan and ninhydrin. 
However, the coloured products diffused rapidly 
from their original sites so that localization was not 
possible. Other methods have also been found to be 
unsatisfactory for the same reason®.*. Certain amino- 
acids have been successfully fixed in situ'.4.5, but these 
probably cannot be used as a reliable indication of 
total amino-acids in the tissues. 

To circumvent the above difficulties, the following 
method was developed which prevents diffusion 
of the acids and their ninhydrin products from 
their original sites. Kill, dehydrate and fix the 
tissue with anhydrous, peroxide-free dioxane (1,4- 


diethylene dioxide). Be sure that the dioxane 
is entirely peroxide-free because even traces of 
peroxides depress colour development. Fix the 


tissue in three changes of dioxane under partial 
vacuum over a period of 24 hr. or longer, depend- 
ing upon the size of the piece of tissue. Clear in steps 
with mixtures of dioxane and chloroform to pure 
chloroform.  Infiltrate with “Tissuemat’. Section 
to desired thickness and mount adjacent sections on 
duplicate slides covered with a thin film of Haupt’s 
adhesive®.?.. Duplicate slides containing adjacent 
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sections are necessary to distinguish between the 
relative contribution of protein and free amino-acids 
to the overall colour density after the ninhydrin 
reaction. Deparaffinize the sections in two changes 
of xylol. For determining protein only, dissolve out 
the amino-acids on one slide by taking the slide 
through absolute ethanol to 70 per cent ethanol and 
then to dioxane. For total amino-acids plus protein, 
take the second slide directly from xylol into dioxane. 
Change the dioxane once, and after 5 min. allow the 
slide to stand for 2 min. in a 1 per cent solution of 
ninhydrin in dioxane. Drain off the excess solution 
and place the slide in a covered Coplin jar preheated 
to 100°C. and containing a little ethanol at the 
bottom to keep the atmosphere in the jar saturated 
with ethanol. Develop the colour for 45 min. in an 
oven at 100°C. Take care that the sections are not 
immersed in the ethanol since this results in diffusion 
of the ninhydrin products. Clear the sections in 
two changes of xylol and mount in Fisher ‘Per- 
mount’. 

The colour density of one cell or a group of cells 
is determined microphotometrically with a simplified 
apparatus of the type used by Pollister and Moses*, 
using a 570-muy filter. Measurements may be made 
at any time up to 24 hr. After 24 hr. the colour 
produced by amino-acids begins to fade; but that 
produced by protein is stable for 7 days or longer 
(Fig. 1). 

The relationship between colour density and con- 
centration was determined with glycine to test the 
feasibility of the procedure. Glycine solutions at 
200, 400, 600 and 1,000 p.p.m. were prepared. 
Sections were deparaffinized and the endogenous 
amino-acids were removed with 70 per cent ethanol. 
The slides were drained thoroughly, air dried and 
then the sections were infiltrated with glycine at 
each of the above concentrations. The glycine was 
then fixed in the tissue with dioxane and taken 
through the whole procedure. The amino-acid 
concentration was determined in cortical and pro- 
cambial cells, along with comparable control sections 
containing only protein background. The values after 
correction for protein background are plotted in 
Fig. 2. The results show that the optical density 
after correction for protein background is directly 
proportional to the amount of amino-acid in the 
infiltrating solution. 
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Fig. 1. Relationship between time and colour density of nin- 
hydrin reaction products of amino-acids and proteins in tomato 
root sections 
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Fig. 2. Relationship between colour density of the ninhydri: 


reaction product and the concentration ut glycine in the solutio: 
added to tomato root sections. Infiltrating, fixing and reactio: 
procedures are described in the text 


Since tissue sections contain a mixture of amino- 
acids in different proportions, and ninhydrin products 
with different extinction coefficients at 570 mu, 
standards cannot be calculated directly to determine 
actual amounts in the cells. However, protein and 
amino-acid concentrations in different cells and tissues 
within the same section can be compared. 


HELEN M. Norovny 
Rosert G. OwENsS 


Boyce Thompson Institute for Plant Research, Inc., 
Yonkers, New York. 
May 3. 
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PATHOLOGY 


Precipitating Antibody in Trypanosomiasis 
of Cattle and Other Animals 


PRECIPITATING antibody has been demonstrated in 
sera from animals which have been infected with 
trypanosomes, or given a course of injections of 
material of trypanosome origin, by means of 4 
modified technique of double diffusion in agar gel’. 

Plates were prepared to a depth of 3-4 mm. from 
1 per cent New Zealand agar in 0-85 per cent saline 
containing 0-02 per cent sodium azide, and wells 
6 mm. in diameter were cut and lined with a thin 
film of agar. The distance between centres of 
adjacent wells was varied from 9 toll mm. to suit the 
system being investigated. Plates were left on the 
bench at room temperature (20—28° C.) and the wells 
were refilled at 24 hr. if necessary. Precipitation 
was usually present at 24 hr. and maximum in 
4 days. 

Antigens have been prepared from Trypanosoma 
vivax, T. brucei and T. gambiense. Trypanosomes 
were separated by centrifugation from citrated blood 
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Fig. 1. Examples of precipitation patterns obtained at 24 hr. with 
T. vivax antigen reacting with sera from infected animals and 
normal (uninfected) controls. a, 7’. vivax antigen (7'V A) against 
sera from an infected N’dama (Nd. 3), an infected Zebu (Z.4), a 
normal bovine (VB) and a normal rat(NR). 6, The same antigen 
reacting with sera from two other infected animals, an old 
re-challenged N’dama (Nd,2) and a Zebu with a chronic 7’. vivax 
infection (Z.3); the same controls as above are also included 


of rats showing massive infections. All traces of rat 
serum were removed by repeated washing with 
0-85 per cent saline. Two volumes of saline were 
added to one volume of packed, serum-free trypano- 
somes and the suspension was shaken for 30 min. 
w th glass ballotini (No. 12) in a Mickle disintegrator. 
The cellular debris in the homogenate thus obtained 
was deposited by centrifugation and the concentrated, 
opalescent supernatant used as antigen. A satisfac- 
tory antigen from trypanosomes of the congolerse 
group has not yet been successfully prepared. 

Serum samples from infected Zebu and N’dama 
cattle have given positive reactions; sera from 
uninfected cattle have been consistently negative. 

The period between the beginning of a parasitemia 
and the appearance of precipitating antibody to 
T. vivax antigen has been determined in four instances. 
Two calves, a Zebu (Z.1) and an N’dama (Nd.1) when 
first infected by Glossina morsitans carrying a mixed 
infection of 7’. vivax and T. congolense, showed 
precipitating antibody 25 and 39 days respectively 
after trypanosomes appeared in the blood. Serum 
from a Zebu bull (7.2) which was exposed to the same 
challenge contained antibody after 21 days of 
parasitemia. An old N’dama bull (Nd.2) which had 
not been exposed to infection for a period of 2 years 
and showed no chronic infection was rechallenged ; 
antibody appeared after 11 days of parasitemia. 

After treatment of the infections with ethidium 
bromide, antibody disappeared from the serum of the 
calves Z.1 and Nd.1l in 28 days. Precipitating 
antibody may persist in the serum of an infected, 
untreated animal even when no trypanosomes can be 
found in the peripheral blood. The serum of a Zebu 
bull (7.3) which showed clinical signs of trypanoso- 
miasis in the form of emaciation, enlarged superficial 
lymph nodes and anzemia, consistently gave a strong 
reaction with 7’. vivax antigen over a period of 
8months. 7’. vivaa has been detected in the blood of 
this animal in only seven of the wet films examined 
daily throughout this period. The sporadic parasit- 
emia, persistence of antibody and the observed 
clinical signs correspond closely with the findings of 
Fiennes? in cryptic trypanosome infections. 

Great variation in the pattern of precipitation 
oecurs in the reactions of sera from individual cattle 
with antigen obtained from a single source. Fig. la 
illustrates the reaction between sera from a Zebu 
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(Z.4) and an N’dama (Nd.3) and 7. vivax antigen. 
Both animals have been repeatedly exposed to 
tsetse flies carrying a mixed trypanosome infection at 
intervals during a period of 2 years and are still 
suffering from trypanosomiasis. They have been 
treated several times with ethidium bromide when 
dangerously ill. Fig. 15 illustrates the reaction 
between the same antigen and the serum of the 
re-challenged N’dama (Nd.2) which now has a 7. 
congolense infection and the serum of the Zebu (Z.3) 
which has a pure chronic 7’. vivax infection. The 
differences shown may be due either to the species of 
infecting organism or to the previous history of the 
animals or to breed peculiarities. 

Antibodies in the serum of an animal with a pure 
infection have been shown to react with antigenic 
material from several species of trypanosome. In 
these cross-reactions the lines of precipitation are 
characteristically reduced in number, less distinctly 
defined, and may take longer to reach maximum 
development. 

Serum samples from experimental] rabbits, a horse 
and a duiker have also given positive results after 
pre-infection samples were negative. Precipitating 
antibody has been detected by this method in three 
out of five cases of human sleeping sickness caused 
by T. gambiense. This work is being continued and 
extended. 

I am grateful to several of the senior staff of this 
Institute for their help: to Dr. K. C. Willett for his 
constructive criticism, to Drs. J. Williamson and 
R. 8S. Desowitz for technical advice and encourage- 
ment and to Dr. L. E. Stephen for sera from several 
of his experimental animals. 

A. R. GRay 

Veterinary Section, 
West African Institute for 
Trypanosomiasis Research, 

Vom, 

Northern Nigeria. 
1 Mansi, W., J. Comp. Path., 67, 297 (1957). 
* Fiennes, R. N. T.-W., Ann. Trop. Med. Parasit., 44, 222 (1950). 


Non-Protein Sulphydryl Group in the 
Original Strain and Sub-line of the 
Ascites Tumour resistant to Alkylating 
Reagents 


I HAVE succeeded in establishing resistant variants 
of the Yoshida ascites sarcoma and ascites hepatoma 
(AH 13 and AH 7974) to methyl-bis-(3-chlorethyl)- 
amine N-oxide, one of the alkylating agents, by 
passing tumour cells through animals treated with the 
reagents'. These resistant variants were proved to 
be cross-resistant to the other alkylating reagents, 
but not cross-resistant to the unrelated reagents?. 
Furthermore, no difference could be detected in 
cytological features of tumour cells between the 
original and resistant sub-lines. Details concerning 
the biological properties of these resistant sub-lines 
are to be found in previous papers'-*. The mechanism 
of development of resistance to this reagent is not yet 
clear. However, it is well known that nitrogen 
mustard inactivates sulphydryl groups. Also a 
preferential affinity of methyl-b7s-(8-chlorethyl)-amine 
N-oxide to sulphydryl groups has already been 
reported by Torigoe‘ and Ishidate*®. From this point 
of view, I attempted to study the non-protein 
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Table 1. CONTENT OF NON-PROTEIN SULPHYDRYL GROUP IN THE 
ORIGINAL STRAIN AND RESISTANT SUB-LINE OF THE YOSHIDA ASCITES 
SARCOMA AND ASCITES HEPATOMA 








uM per gm. based on wet weight* 
Yoshida Ascites Ascites 
ascites Lepatoma hepatoma 
sarcoma AH 1 AH 7974 
Mean + S.E. Mean + S.E. Mean + S.E. 


Original strain | 2°54 40-27 | 3:114 0°31 | 3:96+4 0-43 
Resistant sub- | 

line 5-71 + 0-43 5-31 + 0-30 | 5-53 0-32 
Probability P< 0-001 P<0-001 P<001 


* Each value indicates average of nine rats. 


sulphydryl content of tumour cells in the original 
strain and resistant sub-line. 

In this work, the Yoshida ascites sarcoma, AH 13, 
AH 7974, and their resistant sub-lines were used. 
All these resistant sub-lines were successfully trans- 
mitted in the absence of the reagent. A total of 
54 rats of mixed breed and weighing about 130 gm. 
were used, each receiving an intraperitoneal inocula- 
tion of 0-5 c.c. of undiluted tumour ascites in the state 
of nearly pure culture, that is, the tumour cells of each 
original strain or resistant sub-line were inoculated 
into nine rats respectively. They were highly sus- 
ceptible to these tumours. The tumour ascites were 
withdrawn from the peritoneal cavity when the 
state of nearly pure culture after moculation with the 
tumour was reached, washed immediately with saline, 
and centrifuged for 3 min. at 3,500 rev./min. Tumour 
cells thus obtained were weighed, and with the use of 
about 500 mgm. of tumour cells in wet weight, 
non-protein sulphydryl group was determined accord- 
ing to the amperometric method described by Weiss- 
man et al.* and Goldzieher et al.’. 

Results are shown in Table 1. A difference of 
mean value between each original strain and its 
resistant sub-line was tested statistically. The 
average content of non-protein sulphydryl in the 
original strain of the Yoshida ascites sarcoma was 
2-54 umoles/gm. and that in the resistant sub-line was 
5-71 umoles/gm. ; that is, the average content in the 
resistant sub-line was more than twice that in the 
original strain. Furthermore, also in the ascites 
hepatoma, AH 13 and AH 7974, the average content 
of non-protein sulphydryl in the resistant sub-line 
was found to be increased as compared with that in 
the corresponding original strain. The difference 
between the original strain and its resistant sub-line 
in both AH 13 and AH 17974 was statistically 
significant (Table 1). From these results it is evident 
that the sub-line resistant to methyl-bis-(8-chlorethy])- 
amine N-oxide, which was established by passing 
tumour cells through animals treated with the reagents, 
showed a significant increase in non-protein sulph- 
ydryl content as compared with the original strain, 
whether the Yoshida ascites sarcoma or ascites 
hepatoma. 

Since alkylating reagents show an affinity for sulph- 
ydryl groups, it seems to be most probable that 
tumour cells containing a large amount of non-protein 
sulphydryl group are more endurable, owing to 
counteracting the action of the reagents, than those 
containing a smaller amount. As a matter of course, 
many factors might be related to the mechanism of 
resistance to alkylating reagents. However, it is 
considered that the non-protein sulphydryl group of 
tumour cells plays an important part in the mechan- 
ism of resistance to alkylating reagents, at least in 
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that of induced resistance as revealed in this 
work. 

I wish to express my thanks to Prof. T. Yoshida 
for supplying the tumour strains and for his encourage- 
ment in many ways, and to Dr. Y. Sakurai and 
Dr. K. Kaziwara for supplying methyl-bis-(8-chlor- 
ethyl)-amine N-oxide. I am also indebted to the 
Department of Bacteriology, Nagoya University, for 
providing laboratory facilities. 

The work was aided by a grant from the Japanese 
Cancer Society. 





Iwao Hrrono 


Department of Pathology, 
Nagoya University School of Medicine, 
Nagoya, Japan. 
Jan. 14. 
* Hirono, I., Nagoya J. Med. Sci., 17, 102 (1954); Gann (in the press 
* Hirono, I., Proce. Soc. Exp. Biol. and Med., 88, 147 (1955); Natu 
176, 1168 (1955). 
* Hirono, L., and Yokoyama, C., Cytologia, 20, 84 (1955). 
* Torigoe, M., Pharm. Buil., 1, 349 (1953). 
* Ishidate, M., Gann, 47, 431 (1956). 
* Weissman, N., Schoenbach, E. B., and Armistead, E. B., J. B 
Chem., 187, 153 (1950). 
’ Goldzieher, J. W., Rawls, W. B., and Goldzieher, M. A., J. Biol. 
Chem., 208, 519 (1953). 


Enhanced Resistance of Mice to Infection 
with Pasteurella pestis following 
Vaccination with Fractions of Phenol- 
killed Tubercle Bacilli 


THE growing recognition that the immunological 
responses initiated by certain’ micro-organisms are 
not necessarily limited in their scope, but may be 
manifested towards taxonomically and antigenically 
heterologous organisms’, raises the question of 
whether many states of specifically acquired im- 
munity rest entirely on specific mechanisms. The 
increased resistance which accrues to survivors of a 
first infection, or which follows a specific immuniza- 
tion procedure, may not always be based on specific 
immunological reactions, that is, those involving 
antibody or tissue hypersensitivity, but may result 
from the same non-specific effects which underlie the 
development of heterologously orientated changes in 
immunity. 

This may be true not only of diseases immunity to 
which has never been proved to be associated with a 
classical immune response, but also of those where 
heightened resistance is accompanied predictably by 
the formation of antibody: the antibody response 
may be incidental to, not causative of, the acquisition 
of the immunity. An analysis of the area and 
mechanisms of the non-specific immunological abilities 
of a micro-organism may therefore contribute as well 
to an understanding of its homologously directed 
activity. 

Such a comparative approach to the problem of 
the mode of action of specifically acquired immunities 
requires a determination of whether the microbial 
moieties responsible for the homologous effects are 
the same as, or distinct from, those exerting an 
immunological influence of wider implication. In the 
course of a study of the mechanisms of acquired 
resistance to tuberculosis, an investigation was 
accordingly undertaken to ascertain whether fractions 
of the tubercle bacillus which show homologous 
immunogenicity are related to those reported to affect 
resistance to other diseases?.*. 
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Table 1 


No. of Deaths* on following days | 


animals | after Pasteurella infection : No. of 
Vaccine | per | survivorst | 
| group | 456789 12 13 14 15 | 
Methanol ex- | | | 
tract, in } 


| 


saline 10 000200 4 0 0 0 4 of 10 | 
Methanol ex- ! 
tract, in } 
adjuvant 13 000101 000 1 10 of 13 | 
Saline (con- j | 
trol) 18 034621 1 00 0 lof18 


—_ — —_ - _= — 


* All animals dying after infection were found to have extensive 


lesions of the spleen, liver and mesenteric nodes. 

+ All animals surviving past the fifteenth day appeared normal; 
experiment terminated on twentieth day. 

Initial experiments were designed to establish the 
range of experimental infections of laboratory 
animals which could be influenced by previous vac- 
cination with components of chemically killed tubercle 
bacilli. Early in the course of this investigation it 
was found that certain crude fractions which have 


been shown capable of enhancing the resistance of 


mice and guinea pigs to tuberculous infection‘. 
bestow a marked degree of heightened resistance on 
mice against infection with a strain of P. pestis, 
EV 76%. Also of interest was the observation that, 
unlike many of the hitherto reported instances of 
non-specific resistance to infections, this immunity 
was still discernible even when the experimental 
Pasteurella infection occurred some weeks or months 
after vaccination with tubercle bacillus substances. 
This communication reports on two experiments 
illustrating these findings. 

Experiment 1. Groups of Swiss albino mice 
(Rockefeller strain) were injected intraperitoneally 
with 1-0 mgm. quantities of a crude methanol-soluble 
extract of phenolized bacilli of the B.C.G. strain‘, 
suspended in saline or in incomplete Freund’s adju- 
vant. Two months later, these animals, and a 
saline-injected control group, were given an intra- 
peritoneal injection of 1 10? living organisms of 
the EV 76 strain of P. pestis. The post-infection 
survival time of the animals is shown in Table 1. 

Experiment 2. Groups of mice received intra- 
peritoneal injections of one of the following, in 0-5 ¢.c. 
quantities: distilled water; a young ‘“Tween’- 
albumin culture of the B.C.G.-Phipps stram; 1-0 
mgm. of the bacterial residue of a methanol extraction 
of phenolized B.C.G. organisms. Three weeks later, 
the animals were challenged by the intraperitoneal 
route with 3 X 10? organisms of the Pasteurella 
strain. The post-infection survival-time of the 
animals is shown in Table 2. 

The lower degree of survival protection bestowed 
by living B.C.G. and extraction residue does not 


Table 2 
! 
No. of | 
animals | Deaths* on following days No. of | 
\ ine per | after Pasteurella infection : survivorst 
group | 345678 12 13 14 15 
Extraction | 
residue 23 043320 2 2&&.& 7 of 23 
Living 
B.C.G. 21 082310 12000 4 of 21 
Distilled 
Water 
(control) 922 0190100 000 0 0 2 of 22 


* All animals dying after infection were found to have extensive 
lesions of the spleen, liver and mesenteric nodes. 

+ All animals surviving beyond the fifteenth day appeared normal ; 
experiment terminated on twentieth day. 
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necessarily indicate their inferiority vis-a-vis methanol 
extract in initiating this non-specific immunity, but 
might be accounted for by the larger challenge dose, 
or by the shorter vaccination-challenge interval, in 
the second experiment. 

More extensive experiments on the extent and 
conditions of the effects.of substances derived from 
tubercle bacilli on the resistance of laboratory 
animals to other infections, and to tumour trans- 
plants, are now in progress; and will be reported in 
detail elsewhere. 

I wish to acknowledge the help of Mr. Salvatore 
Margherita in certain phases of this work. 


Davin W. WEISS 


Department of Bacteriology, 
University of California, 
Berkeley 4, 
California. 


1 Shilo, M., “Ann. Rev. Microbiol.”’, 18, 255 (1959). 

? Dubos, R. J., and Schaedler, R. W., J. Exp. Med., 106, 703 (1957). 

* Schaedler, R. W., and Dubos, R. J., J. Exp. Med., 106, 719 (1957). 

‘ Weiss, D. W., and Wells, A. Q., Amer. Rev. Tuberc (in the press). 

5 Weiss, D. W., and Wells, A, Q., Amer. Rev. Tuberc, (in the press). 

* It has been reported previously that tuberculous and leprous diseases 
confer resistance on man and on laboratory animals against 
plague infection (Girard, G., and Grumbach, F., C.R. Soc. Biol., 
Paris, 152, 280 (1958); Rep. Internat. Plague Conf., Mukden, 
1911). 

*The EV 76 strain of P. pestus is relatively avirulent (Walker, D. L., 
et al., J. Immunol., 70, 245 (1953)), but kills mice when given 
in large numbers. 


Zinc Sulphate Treatment of Parakeratosis 
in Cattle 


UNDERWOOD’, discussing the nutritional significance 
of trace elements, states ‘“‘zinc deficiency has never 
been observed in man or in farm stock, under either 
naturally occurring or experimental conditions. It 
seems very unlikely that such a deficiency could ever 
arise in grazing or stall fed sheep or cattle, because of 
the normal high content of zinc in plant materials’’. 
Symptoms indicating zinc deficiency conditioned by 
high dietary calcium have, however, been reported in 
pigs. 

During the period 1957-59 we have observed, in 
cattle on the Berbice savannahs, lesions closely 
resembling those described in rats fed on diets deficient 
in zine. In the more acute cases, parakeratosis 
spreads rapidly over about 40 per cent of the body 
surface. The following areas are affected, usually 
in the order given: muzzle (except when this is 
black in colour), vulva, anus, top of tail, ears, back 
of hind limbs, ‘knee fold’, flanks and neck. On this 
Station, these symptoms have occurred seasonally, 
namely, March—June; during this period in 1958 
there were about six cases, and in 1959 upwards of 
twenty among 1,000 cattle. The over-all body 
condition of cows affected has been generally below 
average; yearlings have shown little or no live- 
weight gains for some months whereas very young 
calves have been otherwise normal. The stock 
affected, other than the young calves, have been 
born and reared under range conditions ; the soils are 
poor and sandy. Some of the yearlings had been 
transferred to planted, fertilized pastures of pangola 
grass (Digitaria decumbens), 2-4 weeks before symp- 
toms were observed. 

During April and May 1959 some affected animals 
have been given zinc sulphate either orally (2 gm./ 
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week) or by injection (1 gm./week) ; similar animals 
kept as controls have been treated later. The skin 
of two cows and four yearlings treated early showed 
new hair growth one week after treatment com- 
menced, and were normal after three weeks, while 
three cows and one yearling untreated for periods 
ranging from 2 to 8 weeks deteriorated during this 
period, but again, after treatment, recovery was 
rapid. In one yearling which finally became weak and 
had to be destroyed, the skin condition responded 
to zine administration. On June 23, one cow with a 
newly born calf and seven in-calf cows were removed 
from Range 2, where most cases had occurred, to 
pangola grass pastures. This calf and four others 
born to the cows during June all shed the bulk of 
the hair from large areas of the body; this was 
accompanied by hyperkeratinization along the mid 
line of the back. The hair and skin rapidly returned 
to normal after oral administration of zine sulphate. 
The dams of these calves showed no lesions nor were 
there any cases among other calves born on these 
pastures during the same period. Two of the cows 
moved from the Range on June 23 calved during 
July and August; one had quite normal hair and 
skin and the other only very slight parakeratosis. 

In pot trials on these soils in which the plant grown 
had been the tomato, growth responses have been 
obtained from the application of zine (Spector, J., 
private communication). The zine content of various 
grass species is given in Table 1. The plant material, 
collected after the first cases of parakeratosis were 
observed, consisted of leaf cut about 1 in. above 
ground-level. 


Table 1. Zinc CONTENT OF GRASS SAMPLES COLLECTED AT EBINI, 1959 


Date Description Zine content 
collected of pasture Species (p.p.m. of 
».M.) 

May 14 Fertilized pasture Pangola 

No. 15 ( Digitaria decumbens) 34 
June 11 - - 42 
June 27 . 42 
June 13 | Fertilized pasture 

No. 16 - 30 
June 27 - os 38 
May 16 Range 2 Trachypogon poly- 

morphus 22 

June 26 - 18 
June 28 Range 12 i 20 
May 15 Range 2 Axonopus strogalus 26 
June 26 Me 28 
June 28 Range 12 - 36 


Radiochemical balance studies indicate that the 
absorption of zine from the alimentary tract in steers 
is not greater than 50 per cent*. These absorption 
studies and the low zinc content of the fibrous 
Trachypogon indicate that cattle in these conditions 
may not always receive adequate zinc in the diet. 
Our observations add support to this view. 

We are indebted to the Director of Agriculture, 
Georgetown, for the facilities for making these 
observations and to Dr. H. Evans of Bookers Sugar 
Estates, Ltd., for carrying out the zinc assays. 

S. P. Lece 


L. SEARS 
Ebini Livestock Station, 
Berbice River, 
British Guiana. 
1 Underwood, E. J., “Trace Elements in Human and Animal Nutri- 


tion”’ (Academic Press, Inc., 1956). 
Tucker, H. F., and Salmon, W. B., Proc. Soc. Exp. Biol. N.Y., 88, 
163 (1955). 
* Feaster, J. P., Hansard, S. L., McCall, J. T., Skipper, F. H., and Davis, 
G. K., J. Anim. Sei., 13, 781 (1954). 
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The Sigmoid Survival Curve in 
Radiobiology 


A STRICTLY exponential form of survival curve is 
much more rarely encountered in radiobiology than 
might be supposed from statements sometimes made. 
The form of survival curve illustrated by Fig. 1 (which 
would be sigmoid on a linear plot) has been estab- 
lished, with varying degrees of accuracy, for many 
single-cell populations, ranging from bacteria to 
mammalian cells. 

It has become common practice to describ: 
such curves as ‘multihit’ or ‘multiple-target’ curves ; 
and to regard the existence of the initial shoulder 
as inevitably implying the existence of a ‘multi 
plicity’ or ‘target-number’ or ‘hit-number’ of di: 
crete morphological sites or entities, the number 
of which may be determined by extrapolating the 
exponential portion of the curve back to zero dose 
and measuring the intercept on the ordinate plotted 
on a logarithmic scale. While it is useful to have a 
name for the number so derived, we consider that 
those commonly used carry an unjustifiable implica- 
tion as to the mechanism of radiation damage to 
cells. This has become particularly undesirable in 
view of recent work which has showr that this 
number may in some cases depend, over a wide range, 
on conditions imposed after irradiation'-*. Condi- 
tions before irradiation have long been known to 
produce such changes in survival curves‘, and it may 
be that in such cases the change in ‘multiplicity’ of 
the survival curve corresponds to a real morphological 
change in the cell. But when cells irradiated as one 
population demonstrate survival curves with different 
‘multiplicities’, depending on how they are treated 
after irradiation, the concept that sch curves imply 
a multiple number of discrete morphological sites 
becomes very strained. 

We propose, therefore, in our future publications to 
use the term ‘extrapolation number’ to refer to the 
intercept e, or the ratio e’, shown in Fig. 1. We do 
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not abandon the postulate that this number may refer 16 experiments with strontium-89 on 12 animals, 
to a multiplicity of some sort, and we concede that 5 experiments with barium-140 on 5 animals, and 4 
in some instances it may be identifiable with anumber experiments with tellurium-132 on 3 animals. Pre- 
of specific morphological entities’; but we would liminary accounts of part of this work have been 
suggest that the number in question should be given?.* and detailed reports will be published else- 
referred to as a ‘target’ or ‘hit’ number only when’ where. Studies with cesium-137 have not been made, 
such identification can be made. but results from experiments on 5 animals are avail- 
able in the literature‘. 

Under field conditions the extent to which fission 
products deposited upon grazing land will enter milk 
may vary greatly depending upon many factors 
Experimental Radiopathology Research Unit, including: (1) the extent to which the deposited 

Hammersmith Hospital, material is initially retained on edible herbage ; 

London, W.12. (2) the extent to which the initially contaminated 

herbage is ‘diluted’ with new growth ; (3) the extent 

M. M. ELkInp to which the fission products are removed by rain 

from the edible tissues; (4) the method of animal 
management. 

In order to make some estimate from the experi- 
mental data of the maximum level of contamination 










TrkvaH ALPER 
N. E. Gries 


Medical Research Council 


National Cancer Institute, 
U.S. Public Health Service, 
Bethesda 14, 


Maryland. in milk likely to be encountered in the field, the follow- 
' Elkind, M. M., and Sutton, H., Nature, 184, 1293 (1959). ing conditions have been assumed: (a) that 25 per 
* Alper, T., and Gillies, N. E., J. Gen. Microbiol., 22, 113 (1960). cent of the deposited material is initially retained on 


Alper, T., in “Mechanisms in Radiobiology”, edit. by Forssberg, A.. edible herbage; (b) that the activity on herbage 
and Errera, M. (Academic Press, New York) (in the press). decreases only sult of the d ss f asattatin t 
‘Hollaender, A., Stapleton, G. E., and Martin, F. L., Nature, 167, wear my a6 & resu ae c ecay OF radioac wy ’ 
103 (1951). (c) that animals have unrestricted access to grazing 
‘Munson, R. J., and Maclean, F. I. (in preparation). and receive no supplementary food ; (d) that animals 
consume 20 lb. dry matter a day and that the yield 
of edible herbage is 500 lb. dry matter per acre. 
Estimated values for levels in milk following con- 


se . ° tinuous grazing for 21 days when the initial total 
Fission Products likely to be found in deposition of individual fission products from a single 


Milk in the Event of Aerial Contamination incident is 1 uc./m.* are given in Table 1. 
of Agricultural Land The assumptions made are considered to represent 
THERE is considerable evidence that the most wide- the worst case likely to occur under conditions of 
spread hazard which could result from the deposition British agriculture. There are many factors which, 
of fission yroducts on agricultural land would be the im normal circumstances, would probably reduce 
contamination of milk with the isotopes of iodine and the quantity of fission products transferred to milk. 
strontium! : other fission products which might in Thus the combined effect of the growth of new grass 
certain circumstances contribute to this hazard are and the removal of activity from edible herbage by 


An Assessment of the Quantities of 





barium-140 and cesium-137. rain should normally cause the extent of contamina- 
In the initial period after the release of fission tion of herbage, and hence the contamination of milk, 
products the first information on the extent of deposi- to fall considerably more rapidly than is suggested in 


tion which is likely to be available will be the results Table 1. Further, should an accident occur at a 
of gamma monitoring, from which the deposition per time when grazing is poor, derivation of most of the 
unit area of land can be estimated on the basis of an food from uncontaminated supplementary feeding- 
assumed composition of the released material. It stuffs would considerably reduce the animals’ intake 
is therefore of considerable practical importance to of fission products. However, mitigating factors of 
consider the relationships which may occur between _ this kind cannot be predicted, and hence no allowances 
the quantity of radioactivity deposited per unit can be made for them in the early stages after an 
area after a single incident and the level in the accident. The figures given are therefore put forward 


milk. as being of value in the preliminary planning of 
The transfer of certain fission products from the control measures following the release of radio- 
diet of cows to their milk has been studied experi- activity: any steps to be taken thereafter must 


mentally in this laboratory : results are now available be based upon measurements made upon the milk 
from 28 experiments with iodine-131 on 20 animals, _ itself. 


Table 1. ESTIMATED ACTIVITY IN MILK (y0./L.) FOLLOWING AN INITIAL TOTAL DEPOSITION OF 1 wc./M.* 








Days after 
deposition Iodine-131 lodine-133 Tellurium-132 Strontium-89 | Strontium-90 | Barium-140 Cesium-137 
1 0-12 0-060 0-0029 0-006 | 0-006 00028 0-01 
2 0-16 0-038 00072 | 0-014 0-015 | 0-0058 | 0-06 
3 0-16 0-019 0 -0090 | 0-021 | 0-0075 | 0-14 
4 0-15 0-009 0-0090 0-025 | 0-0085 | 0-21 
) 0-15 0-004 0 -0082 } 0-027 0 -0090 0-26 
¢ 0-14 0-002 00071 0-028 0 -0092 | 0-29 
7 0-13 0-001 0-0059 | 0-029 | 0 -0092 | 0°32 
8 0°12 — 0-0049 | 0-027 0-030 0-0091 } 0°35 
9 0-11 — | 0-0040 0-027 0-030 0 -0089 | 0°36 
10 0-10 0 -0033 0-027 0-030 0 -0086 0-39 
| } 
0-031 0-0049 




















I wish to thank the staff of the Agricultural 
Research Council Radiobiological Laboratory, Let- 
combe Regis, for allowing the use of the results of 
early experiments. 
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Radiobiological Laboratory, 
Agricultural Research Council Field Station, 
Compton, 
Berkshire. 
* Medical Research C oupee Cc — on Protection against Ionizing 
Radiations, Brit. Med. J., i, 967 (1959). 
’ Squire, H. M., Middleton, L. 3, Sansom, B. F., and Coid, C. R., 
‘Radioisotopes in Scientific Research” , 4 207 (Pergamon Press, 
London, 1958). 
* Garner, R. J., and Sansom, B. F., Vet. Ree., 71, 670 (1959). 
* Tin, D. L., and Moskalev, Y. L., Atomnaya Exergiya, 2, No. 2, 163 
(1957). 


Inability of Methionine to affect Lethality 
in Mice and Rats exposed to X-Rays 


NERURKAR et al. have shown that administration 
of methionine either before or after X-irradiation 
decreases the damage caused to nucleic acid synthesis 
in irradiated rats. Post-irradiation administration of 
methionine appears to be more effective. Other 
assays have shown a lower increase in nitrogen, uric 
acid and in creatinine excretion in irradiated rats 
injected with methionine after irradiation’. The 
increase im uric acid excretion suggests excessive 
breakdown of nucleic acids as a result of cellular 
destruction. Treatment with methionine also results 
in a beneficial influence on the rate of growth after 
irradiation. 

The present communication shows that the 
administration of methionine, apparently effective in 
slowing down the fall in nucleic acid levels caused by 
a single exposure to ionizing radiations, affords no 
decrease in the mortality of mice (C57 black) and rats 
(Wistar albino) irradiated with 700 or 800 r. of X-rays. 

220 male black C57 mice, weighing 20-25 gm., were 
divided into eight groups. Each irradiated group 
consisted of fifteen controls injected intraperitoneally 
with 0-9 per cent sodium chloride and fifteen animals 
injected intraperitoneally with an aqueous solution 
of u-methionine (Sigma) (5 mgm., 25 mgm., and 
250 mgm./kgm.) 5 min. before or 30 min. after irradia- 
tion respectively. One irradiated group received one 
Table 1. EFFECT OF INTRAPERITONEAL INJECTION OF L-METHIONINE 
BEFORE AND AFTER TOTAL-Bepy X-IRRADIATION OF 700 R. ON 


MORTALITY MOUSE BLACK C57 STRAIN. 
kV., 200 ; m.amp., 20 ; d.f., 42 cm., 0-5 copper ; dosage-rate, 84 r./min. 


in air 
Total 
No. of | mortality Average time of 
Dose of L-methionine | animals 


at 15 days survival (in days) 
(per cent) S.D. 
Methionine 5 min. 

before 700 r. 


Controls 15 100 8 -00( --+ 2°17) 
5 mgm./kgm. 15 100 8 -33( 2°16) 
Controls 15 100 8 -93( +1-39) 
25 mgm./kgm. 15 100 10 -06( + 1-58) 
Controls 15 100 9 -33( +2-41) 
250 mgm./kgm. 15 100 8 -60( +2 -29) 
Methionine 30 min. 
after 700 r. 
Controls 15 100 7 60( +334) 
5 mgm./kgm. 15 100 6 -80( + 1°22) 
Controls 15 100 8 -06( + 1-87) 
25 mgm./kgm. 15 100 7 °20( + 2-78) 
Controls 15 100 7 64( +2 -23) 
250 mgm./kgm. 15 100 8 06( +2 52) 
Chronic treatment 
Controls 15 100 8 -40( + 1°88) 
5 mgm./kgm. x 11 15 100 7°13( 41-60) 


Methionine does not significantly affect the mortality after irradia- 
tion (P < 0°01). 





1064 NATURE 


Table 2. Errect OF INTRAPERITONEAL INJECTION OF METHIONINE 
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(5 m@M./KGM.) APTER A SINGLE TOTAL-BOpY X-IRRADIATION OF 
800 R. ON MORTALITY MALE WISTAR ALBINO RATS. 


(kV., 200; m.amp., 20; d.f., 55 cm., 0-5 copper ; dose-rate, 50 r./min. 
i 


in air 


| Total mortal-| Average time of 


Dose of methionine No. of ity at 30 days | survival (in days) 
_animals | (per ce nt) + S.D. 
Controls | 30 96 6 | 8-16( + 4-70) 
| 8 -96( + 4-55) 
| 


5 mgm./kgm. | 30 100 





_ Methionine iw not affect significantly the mortality after irradi» - 
tion (P « 1). 


injection 30 min. after irradiation and two daily 
injections of methionine (5 mgm./kgm.) during the 
five days following irradiation. A control group, 
injected with methionine (250 mgm./kgm.), was not 
irradiated. 

Sixty male Wistar rats, weighing 175-225 gm., 
were divided into two groups of thirty animals each. 
The first group served as control and received an 
intraperitoneal injection of 0-9 per cent sodium chlor- 
ide ; the second group, an injection of L-methionine 
30 min. after a total-body X-irradiation of 800 r. 

Physical factors of irradiation are given in Tables | 
and 2. All the mice irradiated with 700 r. and 96 per 
cent of rats irradiated with 800 r. died between the 
fourth and fifteenth days after irradiation. The same 
mortality was observed in the groups treated with 
methionine before or after irradiation (Tables 1 and 2) 
t-Methionine is not toxic, at the above-mentioned 
doses, to our mice or rats. In previous investigations, 
Bacq et al.* have observed that methionine does not 
protect mice against X-irradiation. The present 
results confirm these findings. 

According to Nerurkar et al.’ there is after 
irradiation a lack of available methionine, and the 
injection of methionine should help the restoration of 
the nucleic acid-synthesizing mechanism. But, in our 
opinion, this effect of methionine is not sufficiently 
important to affect the mortality. 


ZENON M. Bacq 
Marie L. BEAUMARIAGE 


Département de Pathologie générale, 
Institut Interuniversitaire des Sciences 
Nucléaires, Belgique. 

* Nerurkar, M. K., Baxi, A. J., Ranadive, N. 8., Nerurkar, M. V., and 
Sahasrabudhe, M. B., Nature, 180, 193 (1957). 

* Nerurkar, M. K., Baxi, - J.. and Sahasrabudhe, M. B., J. Sei 
Indust. Res., 16, C, 175 (1957 

* Bacq, Z. M., and Alexander, P., “Fundamentals of Radiobiology” 
(Butterworth, London, 1960) (in the press). 

* Sahasrabudhe, M. B., Proc. Second U.N. Internat. Conf. Peaceful 
Uses Atomic Energy, Geneva, 23, 94 (1958). 


Radioactive 7-lodo-6-Deoxytetracycline 
in Tumour Tissue 


Tue observation'.? that several of the tetracyclines 
are localized in various tumour tissues for prolonged 
periods of time suggested the possible utility of 4 
tetracycline labelled with iodine-131 in the detection 
of neoplastic disease by the use of external body- 
scanning techniques. In a recent communication’ 
from this Laboratory, the preparation of 7-iodo-6- 
deoxytetracycline was described ; this was the first 
report of an iodotetracycline of unequivocal chemical 
structure. A labelled iodo (131) derivative was 
prepared by essentially the same method, by the 
reaction of N-iodosuccinimide* ('**I) and 6-deoxy- 
tetracycline in concentrated sulphuric acid : 
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The radioactive preparation was administered intra- 
venously at a dose of 15 mgm./kgm. to dogs that had 
well-developed, spontaneous mammary tumours. 
The level of radioactivity at marked areas on selected 
portions of the dog was then determined at various 
intervals of time. 

Some of these results are shown in Fig. 1. It can 
be seen that in the first three hours there is a pro- 
nounced difference in the degree of radioactivity in 
the areas of the various organs and tissues. The 
area over the liver gave the highest reading, followed 
by the tumour and kidney. The muscle and skeletal 
readings were considerably lower than that of the 
tumour tissue. 

The differences in the radioactivity after 24 hr. were 
much less pronounced, and some considerable changes 
appeared in the relative ranking of the various areas 
measured. 

There appeared to be no preferential retention of 
radioactivity in the tumour during a period of 
24 hr.-6 days, but some small preferential retention 
was noted in the thyroid region. Although it has 
been shown that some of the other tetracyclines are 
not metabolized by animals’, it is possible that 
de-iodination im vivo may have occurred to some 
small extent, and any iodide iiberated would be taken 
up by the thyroid. 

Other areas surveyed, but not shown in Fig. l, 
include the occipital bone, last sacral, mid-shoulder 
back, knees and thyroid. During the first three 
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hours, the level of radioactivity for these locations 
was generally less than that of the thigh muscle. 

Direct radiometric readings were made on various 
tissues removed from a dog (with a mammary 
tumour) 10 min. after an intravenous administration 
of the radiolabelled compound. As was expected in 
this short period, the liver; kidney, spleen and blood 
contained the highest levels of radioactivity. How- 
ever, the tumour contained three or four times the 
counts per minute per milligram of muscle or bone. 
Healthy tissue, adjacent to and more highly vas- 
cularized than that of the tumour, contained only 
one-half of the radioactivity, on a counts per mm./ 
mgm. basis, of the tumour. The iodotetracycline has 
also been studied in mice containing spontaneous 
mammary tumours, but no pronounced selective 
localization or retention was found with this type of 
tumour. 

Although the biological work with this compound 
is in an early development stage, it appears that the 
differential localization of 7-iodo-6-deoxytetracycline 
in tumour tissue, relative to that of other tissue, may 
be sufficient to allow the use of this compound as a 
diagnostic aid in the location of cancerous growths. 

A therapeutic application by the internal irradia- 
tion of selected tissues, either with a tetracycline 
derivative containing a pre-formed radioisotope, or 
by the induction of irradiation by a procedure such 
as neutron activation, is a possibility but will require 
much additional work. 

We thank Dr. J. H. Boothe, Dr. A. W. Vogel and 
Dr. 8S. Kushner for their helpful suggestions, and 
Mr. D. Colucci for technical assistance. 


JosEPH J. HLAvKA 
DonaLp A. BUYSKE 


Organic Chemical Research Section, 

Experimental Therapeutics Research Section, 

Lederle Laboratories Division, 
American Cyanamid Company, 
Pearl River, New York. 

’ Rall, D. P., Loo, T. L., Lane, M., and Kelley, M. G., J. Nat. Cancer 
Inst., 19, 79 (1957). 

* Loo, T. L., Titus, E. D., and Rall, D. P., Science, 126, 253 (1957). 

* Boothe, J., Hlavka, J., Petisi, J., and Spencer, J., J. Amer. Chem. 

_ Soc., 82, 1253 (1960). 

“The N-iodosuccinimide (1) was prepared by a modification of 
the method of Djerassi, C., J. Amer. Chem. Soc., 75, 3494 (1953), 
using radioiodine and N-silversuccinimide. 

5 Kelly, R., and Buyske, D. A., J. Pharm. and Exp. Therap. (in the 
press). 


BIOLOGY 


Dependence of the Sex Ratio at 
Birth on the Age of the Father 


SzrLaRpD’s conjecture about the effect of paternal 
age on the sex ratio, which his figures for man 
support’, might perhaps be capable of further con- 
firmation in horses. Unlike the ages of man and wife, 
those of mare and stallion are uncorrelated, and both 
are commonly bred into old age. I investigated 
the effects of paternal age on foal longevity®, which is 
also germane to Szilard’s theory, and found no 
appreciable decline in the vigour of the fillies of old 
stallions, judged by life-spans in the “General Stud 
Book’’—no records of colt longevity are available. 
My material gives some figures for the sex ratio, 
though the numbers are too small to do more than 
suggest the absence of any gross age effect. The 
ratio of males to females was exactly 100-00 for the 
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446 live progeny born during 1885-96 of a group of 
stallions known to be more than twenty years old 
at covering, against 100-47 for all foals in the same 
period. Masculinity in thoroughbred horses is less 
than in man, and the ratio has been reasonably stable 
for a century or more (1853-68 R = 100-32; 1869-80 
R = 99-18; 1885-96 R = 100-47; 1925-40 R = 
99-31). 

We may attempt to predict the expected change in 
R for thoroughbreds if Szilard’s assumptions hold 
good. Their last decile survival is reached at about 
30 years against 90 in man, but the proportionate 
‘weight’ of the Y chromosome wiil be less, since for 
horses 2n = 66, say 1-4 per cent. Other things being 
equal the change in the value of R would therefore 
be about 2-8 per decade, approaching R = 106 per 
cent for stallions more than twenty years of age. A 
difference of this order could probably be detected 
from siring records, and this appears worth attempting 
in spite of the number and variety of the other 
numerical assumptions which Szilard’s theory requires. 

A. COMFORT 





Department of Zoology, 
University College, 
London, W.C.1. 
' Szilard, L., Nature, 186, 649 (1960). 
* Comfort, A., J. Geront., 18, 342 (1958). 
* Szilard, L., Proce. U.S. Nat. Acad. Sci., 45, 30 (1959). 


Purification of a Specific Inducer of the Male 
Sex Organ in Certain Fern Species 


A NATURALLY occurring, highly specific substance 
has been found which induces vegetative cells of 
gametophytes of certain fern species to differentiate 
and organize the male sex organ or antheridium. 
Dépp' showed that a water extract of mature 
prothalli of the common bracken fern Pteridium 
aquilinum hastened the formation of antheridia in 
young prothalli of this and of another fern species. 
He was inclined to interpret his findings to indicate 
that antheridia were initiated by way of non-specific 
growth inhibition. Naf* reported that the promotion 
of antheridium formation by the extract was due to 
a specific antheridium-inducing factor rather than to 
non-specific growth inhibition. The biologically active 
factor was found to induce antheridium formation in 
representatives of 7 of the 9 sub-groups of the 
family Polypodiaceae listed by Eames* as well as 
in Dennstaedtia punctilobula, a member of the family 
Dicksoniaceae*. It appeared likely, therefore, that a 
relatively simple chemical substance is capable of 
directing morphogenesis in a highly specific way. In 
view of its unique properties, an attempt was made to 
isolate and characterize chemically the biologically 
active material. The present report describes a 
procedure for the purification of this substance. 

Quantities of antheridium-inducing factor for 
chemical isolation were obtained batchwise by seed- 
ing 1,000 125-ml. Erlenmeyer flasks containing 33 ml. 
of Moore’s synthetic medium with sterile spores of 
Pteridium aquilinum. The cultures were grown under 
continuous illumination for a period of 7 weeks. 
Using this procedure, about 30 |. of culture filtrate 
with a dilution end-point of about 1: 10,000 were 
obtained from most batches. 

The progress of the isolation of the biologically 
active substance was followed using young gameto- 
phytes of the sensitive fern Onoclea sensibilis as the 
test object according to the assay method described 
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by Naf*. Prothalli of this species failed to form 
antheridia spontaneously under the conditions of 
culture employed, but preduced numerous antheridia 
after exposure to the biologically active factor. This 
made it possible to test with certainty the antheri- 
dium-inducing activity of any preparation. 

The 30 1. of culture filtrate used as starting material 
for each isolation contained about 1 mgm. of solids 
per ml. This solution was concentrated in vacuo in a 
circulating evaporator, below 45° C., to a volume of 
1 litre and stirred at room temperature for 1 hr. 
under nitrogen with 10 gm. of ‘Norite A’ which had 
been boiled with dilute acetic acid and washed with 
boiling water. This treatment removed more than 
99 per cent of the activity from the concentrated 
culture filtrate. The charcoal was removed by 
filtration, washed twice with 500 ml. of water, and 
the washings discarded. The active material was 
eluted from the charcoal by stirring for 15 min. with 
100 ml. of methanol. No more activity was removed 
after three such treatments. 10 ugm. of material 
obtained in this way induced antheridium formation 
at a maximum dilution of 1 : 4,000, representing a 
fortyfold increase in activity over the original culture 
filtrate. 

The combined methanol eluates were concentrated 
in vacuo to remove methanol and made up to a volume 
of 50 ml. with ice-cold 0-01 M phosphate—citrate 
buffer adjusted to pH 7-2. This solution was ex- 
tracted three times with cold ethyl acetate, removing 
inert material amounting to about 40 per cent of the 
dry weight of the methanol eluate. The pH of the 
cold buffer solution was lowered to 5-1 with hydro- 
chloric acid, and the active material was removed by 
extracting three times with ethyl acetate. This 
fraction contained about 20 per cent of the dry 
weight of the methanol eluate and all the antheridium- 
inducing activity. 10 ugm. induced antheridium 
formation at a maximum dilution of 1 : 20,000, 
representing two-hundredfold increase in activity 
over the original culture filtrate. An average yield 
of 3 mgm. was obtained from 30 1. of culture filtrate. 

Final purification was made by concentrating the 
ethyl acetate extracts to a small volume and subject- 
ing the material to a 50-tube counter-current distribu- 
tion between normal butanol and 5 per cent am- 
monium acetate buffer pH 6-65. Almost all the act- 
ivity was distributed as a single peak with a maximum 
in tube 23. An exact quantitative determination of 
activity was difficult since more than one-half of the 
starting weight remained in the first three tubes or 
migrated completely into the last four or five tubes 
of the series. A very small amount of activity was 
also found in the last few tubes. When tubes 19 
and 32 of this series were redistributed in the same 
solvent system, only a single peak of activity was 
found with a maximum in tube 23, in each case. 
Thus, the active material purified in this way appeared 
to be homogeneous. Because of the difficulty of 
weighing the tiny quantities obtained, it was not 
possible to determine the specific activity on a dry- 
weight basis. However, it was apparent that this 
purified material would induce antheridium formation 
in Onoclea sensibilis at a concentration of less than 
1 part in 10,000,000,000 (10-* ugm. per ml.). 

As indicated by the manipulations used in the 
isolation procedure, the antheridium-inducing factor 
behaves as a weak acid. It is relatively stable in 
acid solution, but is readily inactivated at pH above 7. 
It is also readily inactivated by oxidizing agents, 
and dry preparations quickly darken and lose activity 
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on exposure to air. The factor is readily soluble in 
a number of alcohols and esters, slightly soluble in 
ethers, and relatively insoluble in aliphatic and 
aromatic hydrocarbons or chlorinated aliphatic hydro- 
carbons. Activity is strongly adsorbed on activated 
alumina from alcohol solutions, from which it can 
be partially eluted by glacial acetic acid. The factor 
can be chromatographed on filter paper in a variety 
of alcohol/water solvent systems. Good resolution 
was obtained in descending chromatography on 
Whatman filter paper No. 1, using (1 : 4) csopropanol/ 
water, where the factor has an Ry = 0:8. 

It is not possible at the present point in this 
investigation to state that antheridium-inducing 
factors other than that described here are not present 
in the culture filtrate or gametophytes of Pteridium 
aquilinum. However, it is clear that a single, homo- 
geneous, relatively simple chemical substance is 
capable, at extremely low concentration, of directing 
cellular differentiation and organization. Studies on 
the chemical constitution of the antheridium-inducing 
factor described here will be continued. 

This work was supported in part by a research 
grant (NSF Grant No. G@-6144) from the National 
Science Foundation. 
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Lower Groups” 


Manganese Toxicity in Grevillea robusta 


Grevillea robusta A. Cunn. is commonly grown as 
ashade tree in East African tea plantations. Seedlings 
are usually raised in nurseries and transplanted to 
the field when about 4 in. high. Failure of the plants 
has been reported when they are transplanted into 
the red, highly acid soils characteristic of some tea 
areas, of which the pH may be as low as 4-2. 

Some such seedlings, which had died within three 
weeks of transplanting, were sent for examination 
from a Kericho estate. Two specimens (on the dry- 
weight of leaf plus stem) contained 1,940 and > 4,000 
pp.m. of manganese respectively, and those of a 
healthy seedling had 880 p.p.m. 

On another estate, Grevillea seeds had been nursery 
planted, some in a red soil (pH 4-6) and others in a 
less-acid soil (pH 5-4). Seedlings from the former soon 
died (dry weight of the aerial portion of the plants 
about 0-05 gm.), and one specimen had a manganeso 
content of 3,650 p.p.m., while a healthy plant from 
the less-acid soil had 262 p.p.m. of dry weight. 

Local applications of basic slag were recommended 
when transplanting into acid soil. F. Haworth’ notes 
that in Ceylon basket plants of G. robusta and Albizia 
moluccana are potted in a soil limed to a pH value 
of between 6-0 and 7-0. 

R. Cup 
A. N. Smira 
Tea Research Institute of East Africa, 

Kericho, Kenya. 
‘Haworth, F., Tea Quarterly, 23, 114 (1952). 
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Monoxenic Cultivation of an Enchytrzid 
Annelid 


A cutture of Enchytreus fragmentosus Bell, 1959 ', 
was kindly sent us by Prof. A. W. Bell of Los Angeles 
City College in May 1959. We have been able to 
grow it without difficulty-since that date, on rolled 
oats kept on moistened filter paper, and can now 
report success in putting it into monoxenic culture 
(that is, growing in the presence of a single species of 
associated organism—in this instance Escherichia 
coli). 

A single specimen of EZ. fragmentosus from a xenic 
culture (that is, growing in the presence of a mixed 
microbial flora) was transferred to a Petri dish of 
‘Difco Nutrient Agar’ previously seeded with enough 
E. coli to yield a thin continuous bacterial layer. It 
was allowed to migrate there and, on an average of 
every other day over a period of a month, was trans- 
ferred to a fresh Petri dish of agar and EF. coli. The 
track of the worm during each stay could be readily 
seen ; it is thus possible to say that, because of its 
relatively sluggish movement under the conditions 
described, it seldom looped back over its path. Only 
after the thirteenth transfer (one month) was it found 
to have fragmented into several pieces. This long 
period without fragmentation suggested a nutrition- 
ally unfavourable state. Three short pieces were then 
put on to a single agar slant streaked with Z. coli, 
where they grew into long worms within two weeks. 
A subculture was next made with one worm, followed 
by additional fragmentation into two. 

Repeated bacteriological checks of both slants 
revealed only EH. coli. We can therefore conclude 
that the original worm was effectively monoxenized 
merely by migrating for an extended period in suc- 
cessive thin layers of EZ. coli growing on nutrient agar. 

Subsequent work has shown that nutrient agar 
with £. coli is not satisfactory by itself for indefinite 
subculture of HZ. fragmentosus. But grains of auto- 
claved rolled oats dropped on the surface of the slant 
provide for continued vigorous growth, and the 
combination so established appears satisfactory for 
indefinite monoxenic cultivation of the annelid. 

More recently we have sometimes found it possible 
to axenize EL. fragmentosus directly from xenic culture 
by a method based on that applied to the planarian 
Dugesia dorotocephala by Miller and Johnson*. In 
one instance, after three days of washing about 40 
worms in initially sterile (sintered-glass-filtered) pond 
water, starting with four brief washes and continuing 
with two longer washes (24 hr. and 48 hr. respectively), 
we selected 25 worms and transferred them to a solu- 
tion of antibiotics similar to that used by Miller and 
Johnson (exceptions: penicillin G, 1,000 v./ml. ; 
streptomycin sulphate, 100 y/ml.; filipin, omitted). 
Worms left for 2 days thus and then washed six 
times in sterile pond water were found not to have 
been axenized. But one out of three worms put 
through another wash of 2 days (totalling 5 days of 
washing) and then 7 days in the foregoing anti- 
biotic mixture was afterwards found to be free of 
bacteria. 

With a number of animal organisms, both protistan 
and metazoan, monoxenic culture has been a pre- 
liminary to successful axenic culture (that is, to 
growing in the absence of living organisms of any 
other species)*. Our aim with EH. fragmentosus, as it 
was with rhabditid nematodes‘ and is at present with 
rotifiers and gastrotrichs®, is to put it into axenic 
culture and thus make it available for nutritional 
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and metabolic studies. The organism is of particular 
interest because of its extensive regenerative powers 
(in sharp contrast to the inability to regenerate 
exhibited by the aschelminths—nematodes, rotifers, 
gastrotrichs). 

To the best of our knowledge this is the first time 
an annelid has been put into monoxenic culture. The 
axenic cultivation of an annelid has yet to be achieved. 
It is our next goal with ZL. fragmentosus. 

We wish to thank the National Science Foundation 
for partial support of this work (through Grant 
G-6018). 


ELiswortu C. DouGHERTY 
BsorRN SOLBERG 


Laboratory of Comparative Biology, 
Kaiser Foundation Research Institute, 
S. 14th St. and Cutting Blvd., 
Richmond, 

California. 

Feb. 9. 
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* Dougherty, E. C., Ann. N.Y. Acad, Sci., 77, 27 (1959). 

* Dougherty, E. C., Hansen, E. L., Nicholas, W. L., Mollett, J. A., 
and Yarwood, E. A., Ann. N.Y. Acad, Sci., 77, 176 (1959). 
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218 (1959). 
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Solberg, B., and Harris, L. 


Life-like Preservation of Cytoplasmic 
Detail in Plant Cells 


BrocHEMIcAL and physiological data from plant 
material are reported frequently as the amount or 
activity of matter per ceii, yet remarkably few such 
studies are made directly on the cells. Thus, for 
example, in a large number of publications on the 
chemistry and physiology of cell differentiation, 
very few have included any cytochemical investiga- 
tions. That this is a general phenomenon is due, very 
largely, to the fact that no method exists by which 
plant cells may be investigated both for structure and 
for chemical activity, without the introduction of 
gross artefacts'. Animal cytology has advanced 
more rapidly because of the technique which involves 
freezing and drying the tissues, which are then 
embedded directly in paraffin wax and sectioned?. 
The wax is removed with xylol and the cells are fixed 
in absolute alcohol. This procedure has failed when 
applied to plant cells ; moreover, the use of fat sol- 
vents is to be avoided at any stage. 

The present communication describes a new pro- 
cedure for producing sections of plant tissues in which 
the cytological detail is retained, apparently as in 
life. Thus, for example, sections of meristematic 
cells from roots have been obtained which resemble 
the living cells isolated from similar roots, as described 
previously*. Moreover, this method can be used 
in as routine @ manner as is the usual technique 
which involves embedding the tissue in paraffin 


wax. 

The tissues are treated first for about 2 hr. with a 
5 per cent (w/v) aqueous solution of polyvinyl 
alcohol (Bush, Beach and Guest, PV A, type MOQ5/140). 
They are then frozen at between — 40° and — 70°C. 
in small glass specimen tubes (2 in. x 1 in.) ; freezing 
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should be complete, as judged by eye, within 5-10 
sec. This can be effected most simply by cooling the 
tubes first, for some hours or overnight, in solid 
carbon dioxide. The frozen material can be stored 
at — 40° C. or at lower temperatures, or it can be 
sectioned directly at between — 20° to — 25° C. by 
means of a refrigerated freezing microtome*. The 
sections are dried under vacuum in a desiccator con- 
taining phosphorus pentoxide and maintained at 
below — 20° C. 

The function of the polyvinyl alcohol is to stabilize 
delicate cellular structures, for which purpose it has 
been used in other work’; it may be dispensed 
with where such labile organelles do not occur. 
Very low temperatures are to be avoided as they seem 
to damage plant cells, while gross ice crystal artefacts 
are apparent if the temperature of freezing is nearer 
0° C., or if freezing is slow for any other reason, for 
example, if the tissue does not make immediate 
contact with the chilled wall of the tube. 

It will be noted that this procedure differs markedly 
from the conventional freezing and drying method for 
animal tissues in that it depends on relatively slow 
freezing, as compared with the rapid quenching at the 
temperature of liquid nitrogen used in the latter. 
The reasons for this difference are twofold ; first, 
because the results indicate that plant cells require 
such treatment, and secondly, because whenever 
tissue is to be maintained alive in a frozen condition 
it is cooled slowly*. This latter reason has been 
strengthened further by work such as that of Asahina’, 
who observed, and photographed, living plant cells at 
temperatures below 0° C. He, and many other 
workers‘, suggest that when the cells are cooled at 
an optimal rate, the extracellular water freezes 
first and desiccates the intracellular protoplasm ; 
for this to happen, the cell membrane must remain 
intact as it acts as a barrier to the extracellular ice- 
crystals. The complete lack of intracellular ice- 
crystal artefacts makes it reasonable to suppose 
that at these temperatures the protoplasm either 
never freezes, remaining in a supercooled condition, 
or that, possibly at very low temperatures, it may 
freeze but has too low a concentration of water to 
cause much damage. It is probable, however, that 
under the conditions used in the present technique, 
the former condition occurs; this seems likely in 
view of the gross distortion which can be produced 
by having the knife too blunt or set at the wrong 
angle. 

The method has been used satisfactorily on root 
tips of Allium cepa, on roots and stems of Vicia faba, 
on leaves of Ranunculus repens, Narcissus poeticus, 
Sorghum and on leaves of the ferns Ceterach officinarum 
and Dryopteris filix mas. In the roots there was no 
sign of deformation so that cell lineages could be 
decided easily, the cytogenerative centre being very 
obvious (Fig. 1). Most striking, however, was the 
excellent preservation of the very delicate cyto- 
plasmic granules in the active meristematic cells, 
which are almost never retained by other proceduzes' 
(Fig. 2). Normal Feulgen-stained preparations can 
be produced from such sections although the granules 
are acid-labile. In the leaves, too, no deformation 
was seen, as demonstrated by the good preservation 
of guard cells and of the cells lining the air space 
below. Weak birefringence has been observed in the 
chloroplasts and strong birefringence in all cell walls, 
not only in those of secondarily thickened elements. 
In the cells of leaves, too, more cytoplasmic detail 
was preserved by this procedure than by any other 
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used previously by us*. Some leaves were grown in 
the presence of carbon dioxide labelled with carbon-14, 
and water-soluble substances were demonstrated in 
autoradiographs prepared by the apposition tech- 
nique (Gahan, P. B., unpublished work) used on 
such frozen, sectioned and dried sections. This 
technique has also made possible a study of the 
effect of drought on plant tissues since the dried cells 
were chilled, sectioned and examined dry, without 
water or other fluids having been used at any stage 
of the preparation. 

[t seems likely, therefore, that this may be the 
method of choice for future studies in plant cytology 
and cytochemistry. It appears to give plant cytolo- 
gists the equivalent of the freezing and drying 
technique, which has assisted so greatly the study of 
animal cells, yet it is simple to perform and consider- 
ably quicker than are the usual methods. 





Fig. 2. As Fig. 1. Photographed with phase contrast illumination 
to show cytoplasmic om = mitochondrial structures. 
0) 


A fuller account of the technique, and of results 
obtained by its use, will be published elsewhere’. 


J. CHAYEN* 

G. J. CUNNINGHAM 
P. B. GAHAN 

A. A. Sitcox 


Department of Pathology, 
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Sulphydry!l Content of the Embryos of the 
Australian Cattle Tick 


Thompson and Johnston! reported that the total 
sulphydryl content of embryos of an arsenic-resistant 
strain of the South African blue tick (Boophilus 
decoloratus) was approximately twice that of an 
arsenic-susceptible strain. Harington® afterwards 
examined larve of these strains and reported that 
the cystine-cysteine, glutathione and total free 
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arsenic-resistant strains of Boophilus microplus throughout 
development 


held in Boophilus microplus, investigations were 
carried out with a strain from northern New South 
Wales, larvze of which exhibited a 10-7 fold (9-3-14-0 ; 
P < 0-001) degree of resistance to arsenic in com- 
parison with those of the susceptible Yeerongpilly 
reference strain. Adults of both strains were main- 
tained at 30° C. and the ticks removed from the 
containers four days after oviposition had commenced. 
Daily thereafter throughout incubation four samples 
of eggs were taken and their total sulphydryl content 
determined by a nitroprusside method*, using as a 
standard a solution of glutathione freshly prepared 
each day. 

The sulphydry! content of samples of both strains 
up to the day before hatching commenced are shown 
in Fig. 1. During the first nine days of sampling the 
sulphydryl content of the arsenic-resistant strain was 
significantly lower than that of the susceptible strain 
(day 0, P < 0-05; days 1-8, P < 0-001), and at no 
time was the sulphydryl content of the arsenic-resis- 
tant strain significantly higher than that of the 
susceptible strain. 

It is clear that the stage of development must be 
taken into account in comparing the sulphydryl 
content of embryos of different strains of Boophilus 
microplus, and therefore it is desirable to use eggs 
laid over the shortest possible period for such analyses. 
In this case the four-day period of oviposition which 
was allowed, to obtain sufficient eggs for analyses, 
was effectively three days, as very few eggs are laid 
on the first day of oviposition’. Owing to the nature 
of the curve, it is now realized that a more precise 
result would be obtained if eggs laid on one day only 
were used. However, the technique employed does 
not invalidate the results, because both strains were 
treated similarly. 

Thompson and Johnston do not give details of the 
age-range or conditions of incubation of the embryos 
of B. decoloratus which they analysed, so that it is 
not possible to determine the extent to which 
differences in mean age could have influenced the 
relative amounts of sulphydryl compounds in their 
two strains. B. decoloratus may differ genuinely from 
B. microplus in this regard, but even making some 
allowance for errors which may arise from the age- 
spread of our cultures, it does not seem possible to 
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correlate arsenic-resistance in Boophilus microplus 
with greater relative abundance in the resistant 
strain of compounds containing sulphydryl groups. 
Thanks are due to Mr. B. F. Stone for determin- 
ing the degree of arsenic-resistance of the strains 
of ticks and to Mr. K. P. Haydock for statistical! 
treatments. 
W. J. RouLtston 
C. A, SCHUNTNER 


Commonwealth Scientific and 

Industrial Research Organization, 

Fairfield Road, 

Yeerongpilly, 

Queensland. 

* Thompson, M. E., and Johnston, A. M., Nature, 181, 647 (1958 
* Harington, J. S., Nature, 184, 1739 (1959). 
* Thompson, R. H. 8., and Watson, D., J. Clin. Path., 5, 25 (1952) 
* Hitcheock, L. F., Aust. J. Zool., 3, 295 (1955). 


GENETICS 


Genetic Instability and Outcrossing 
in the Groundnut Variety Mani 
Pintar 


In the course of groundnut variety selection work 
carried on in Northern Rhodesia since 1954, a number 
of unusual groundnut varieties have been obtained 
from various sources. The most unusual and inter- 
esting of these has been the variety Mani Pintar, 
obtained from the Queensland Department of Agri- 


culture and Stock, Australia, in the early part of 


1955. This variety has yielded consistently well in 
trials and appears to be well adapted to local condi- 
tions. It suffers, however, from the serious disadvan- 
tage of having a variegated red and white testa ; in 
all other respects the variety is eminently satisfactory. 
Mani Pintar is an alternately branched spreading 
bunch variety which matures locally in 140-150 
days, it has dark green foliage and is fairly resistant to 
the Cercospora leafspots, the seeds remain dormant for 
some time after maturity, the kernel oil content is 
fairly high (about 50 per cent) and is higher than mosi 


locally grown varieties; in addition, the yields of 


kernels and hay are consistently good. The combine- 
tion of bunch habit and variegated red and white testa 
found in this variety is rather unusual. In Arachis 
nambiquarae Hoehne, a form with a similarly varie- 
gated testa, the habit is prostrate. 

In their review of relevant literature, Gregory, 
Smith and Yarbrough! note the apparent instability 
of pure lines of groundnuts in the absence of selection 
pressures and summarize present genetical knowledge 
of the inheritance of colour and other kernel charac- 
ters. Instability of pure lines may arise from two 
causes—chromosomal instability and natural out- 
crossing. A study of Mani Pintar showed that this 
variety exhibits a degree of instability ; it was there- 
fore decided to exploit this so far‘as possible in an 
attempt to produce from it a type which retained its 
many good qualities, but which was more acceptable 
commercially. In 1956 single plant selections were 
made some of which differed from Mani Pintar in 
having a self-coloured red testa. One strain which 
showed promise was selected for trial against the 
parental strain and not only was it little if any in- 
ferior to it in yielding capacity but also it bred sub- 
stantially true. Occasionally reversions to the parental 
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type were noted ; but these formed only an infinitesimal 
fraction of the bulk of this new strain. It is possible 
that the change from variegated to non-variegated 
is reversible and results from rearrangement of 
chromosomal material and not from allelic differences, 
that it is in fact a position effect. From the practical 
point of view, by maintaining the selection pressure 
in favour of self-coloured testas, it should be possible 
to maintain this strain indefinitely. Varieties with 
red testas are well known in commerce, for example, 
Valencia, and this strain should not therefore be 
under any disadvantage in this respect. 

It was noted in the course of seed selection in Mani 
Pintar stocks that a number of brown kernels were 
being discarded. On closer inspection some of these 
russet-brown kernels were found to be variegated. 
Variegation of brown kernels has not been reported 
by Gregory, Smith and Yarbrough' or by Bunting? ; 
this character has re-appeared in subsequent genera- 
tions. The remaining russet-brown non-variegated 
kernels were planted, and at harvest proved to be a 
mixture of material which showed definite affinities 
to Mani Pintar and other material which appeared to 
be present as a result of contamination. 

It is now apparent that the brown-seeded material 
of Mani Pintar origin, both variegated and non- 
variegated, is of a hybrid nature. Segregation is 
occurring within single plant progenies for a great 
number of morphological characters. Variegated red 
and white kernels have appeared in pods of some 
progeny which are quite unlike those of the original 
Mani Pintar strain. 

This work is continuing, and it is hoped to present 
elsewhere a more detailed account at a later date. 


No. 4730 


J. SMARTT 


Central Agricultural Research Station, 
Mount Makulu, 
P.O. Box 7, 
Chilanga, 
Northern Rhodesia. 

‘Gregory, W. C., Smith, B. W., and Yarbrough, J. A., “The Peanut’ 

the Unpredictable Legume” (National Fertilizer Association, 

Washington, D.C., 1951). 


* Bunting, A. H., Empire J."Exp. Agric., 23, 158(1955); 26,254 (1958). 


Interspecific Hybrids of Lycopersicum 


In a recent issue of Nature, H. Nirk! described the 
achievement of fertile interspecific tomato hybrids 
by the reciprocal grafting of parent plants prior to 
hybridization. The technique has an older history 
than is suggested by Nirk’s communication. It was 
used on a large scale more than thirty-five years ago 
by the Russian plant breeder I. V. Michurin, who 
termed it “‘vegetative approximation’’. 

In a report? published in 1925 Michurin com- 
mended his own innovation in the following terms : 

“My original method has been elaborated on the 
basis of the considerable changes that the properties 
of a small part of a young plant (a cutting) undergo 
when grafted on to the crown of a different variety. 
These changes take place under the action that the 
entire root and leaf system of the latter exerts upon a 
very small part of a young plant that is as yet rather 
unstable in respect to various changes . . . 

“I use this vegetative change as an auxiliary means 
of approximating two different plant species so as to 
obtain a sexual hybrid by crossing them in the future. 
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“This is the secret of my success in obtaining 
interspecific plant hybrids, such as crosses between 
the apricot and the plum, sweet and sour cherry, 
Pyrus salicifolia and the local cultivated pear varie- 
ties ; between the various species of walnut, the 
various species of grapes, the various species of 
quince ; between the pear and the mountain ash ; 
between distant species of apple ; between species of 
currant and other small-fruit shrubs; between 
pumpkins and muskmelon, musk and watermelon ; 
between the various species of lilies; between 
Physalis and tomatoes, etc.” 

Michurin’s published descriptions do not in general 
lend themselves to exact scientific evaluation, so that 
it is not easy to say how many of his successful crosses 
were in reality facilitated by the ‘approximation’ 
procedure. On the other hand, at least one claim for 
the method made by members of his school* has been 
independently confirmed. Hall‘, working in Sweden, 
was able to increase the yield of wheat-rye hybrids 
from 2-3 per cent to 14 per cent, by grafting the 
embryo of the future maternal parent (wheat) on to 
rye endosperm. : 

It is to be hoped that the new results reported by 
Nirk will once more direct the attention of geneticists 
and embryologists to a challenging, and _ still 
unexplained, phenomenon. 

DonaLp MICHIE 
Department of Surgical Science, 
University of Edinburgh. 
1 Nirk, H., Nature, 184, 1819 (1959). 
* English translation on pp. 161-172 of “I. V. Michurin: Selected 
Yorks” (Foreign Languages Publishing House, Moscow, 1950). 
* Pissarev, W. E., and Vinogradova, N. M., C.R. Acad. Sci, U.R.S.So 
45, 129 (1944). 
‘ Hall, O. L., Hereditas, 40, 453 (1954). 


Dr. Micute is of course correct in his statement 
regarding the claims of Michurin et al. in respect of 
this approach to interspecific hybridization. How- 
ever, irrespective of whether the results of the present 
investigation furnish corroborative evidence of 
Michurin’s claims, their immediate significance lies 
in their application in the field of practical plant 
breeding, particularly in relation to the hybridization 
of Lycopersicum species. 

Heer Nirk 
Victoria Department of Agriculture, 
Melbourne, C.2. 


PSYCHOLOGY and PSYCHIATRY 


Cross-Modal Transfer of Training in 
Monkeys 


IN a previous communication! the question was 
raised whether monkeys that have been trained to 
discriminate at a high level of confidence between 
two dissimilar solid forms by vision (in the light) will 
maintain their accuracy of discrimination when 
objectively the same cues are later made available for 
discrimination only by palpation (in the dark). The 
absence of cross-modal transfer between visual and 
tactile shape discriminations was reported for four 
unoperated monkeys. Support of this finding was 
forthcoming from the study of seven additional 
animals with brain lesions*. 

It was decided to extend this investigation to 
another sensory modality, and to look for cross-modal 
transfer between pairs of visual and auditory rhythms. 
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Table 1, S8QUENCE OF TRAINING FOR ANIMALS C1-C4, F1-—F4 AND 
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However, not one of nine animals was able (under 
our conditions) to discriminate accurately between 
two simple visual or auditory rhythms within 3,000 
trials of training. It was therefore asked: Will 
monkeys that have been trained to discriminate 
between two rates of interruption of a light maintain 
their accuracy of discrimination when a sound is 
interrupted at the same two rates ? 

Eleven naive rhesus monkeys (weight-range 
3-5-4-7 lb.) were divided at random into two groups 
of five and six animals. No animal received a brain 
lesion. Their training histories (equated in the sense 
of one auditory and two visual tests learnt by each 
group) are shown in Table 1. 

Standard apparatus (Wisconsin General Testing 
Apparatus) and the pull-in technique were used. 
By pulling one of two strings the animal could draw 
towards itself along sloping rails the left or right box, 
which on release returned by gravity to its starting 
position. Each box contained a light source, a loud- 
speaker and a food container. The onset of the light 
or sound was switched by tension on a string, although 
the frequency and modality of the cue had been 
silently predetermined on a control panel. Forty 
trials were given each day (non-correction) with right/ 
left positions of the positive cues determined by the 
Gellerman schedule. 

The luminance of the light was 229 ft. lamberts 
against a ground of 0-04 ft. lamberts. The sound was 
a 370 c.p.s. tone with a small component at 1,850 
c.p.s. Its intensity was judged to be about 60 decibels 
above the hearing threshold, against a constant 
background noise of about 20 decibels. For the 
positive cues, the light or sound was interrupted at a 
rate of 4 c.p.s., for the negative cues, at 16 c.p.s. 
The on/off ratio of the positive cues was 0-44 in both 
modalities. The energy content of the high-frequency 
light was greater than that of the low-frequency light 
in the ratio of 1-7: 1, owing in part to the thermal 
delay of the filaments ; of the high-frequency sound 
relative to the low-frequency sound in the ratio of 
1-3: 1, owing to an increase in the on/off ratio with 
frequency. 

The animals of Group I required an average of 1,178 
trials to learn the visual frequency discrimination 
(range 500-2,030 trials). The mean of their scores 
during retention training in the visual modality was 
122 trials (range 0-380 trials). On the auditory form 
of the same frequency discrimination the mean error 
score in 1,000 trials is 352 for the five animals of 
Group I (range 265-414 errors) as compared with 
a mean of 347 errors for the six animals of Group IT 
(range 295-408). The difference between the error 
scores of Group I and Group II animals does not 
approach significance (P = 0-465, one-tailed Mann— 
Whitney test). There was one animal in Group I 






































NATURE 








June 25, 1960 vou. 186 
and there were three in Group II that made 20 or 
less errors in the last 100 trials of training on the 
auditory frequency discrimination. These results 
provide no evidence of transfer between visual and 
auditory frequency discriminations in the monkey. 

In a review of the literature! unequivocal evidence 
of positive cross-modal transfer in animals was found 
only in respect of the avoidance situation, with use 
of a single warning cue. Moreover, certain findings 
in man* indicate that cross-modal matching of 
lengths or nonsense shapes can be considerably more 
difficult than intra-modal comparisons. The authors 
of a recent report‘ state, “‘ . . . we feel no doubt that 
inter-sensory rate matching between the eye and the 
ear (in man) is much poorer than intra-sensory match- 
ing for either of these sensory processes”’. Neverthe- 
less under different conditions, cross-modal matching 
can be accurately accomplished by man*®. We 
suggest that language may serve as a cross-modal 
bridge under these latter conditions®, but perhaps 
not when small differences in lengths or rates have 
to be observed*.‘, nor in the experiment described 
in this report. 

This work was supported by the Research Fund of 
the Institute of Neurology, and by the Medical 
Research Council, in grants to one of us (G. E.). We 
are sincerely grateful to Dr. E. A. Carmichael, Dr. 
W. A. Cobb and Dr. E. T. O. Slater for facilities which 
enabled this work to be undertaken ; to H. B. Mor- 
ton, who designed and constructed the apparatus ; 
and to Prof. O. L. Zangwill for encouragement 


D. Burton 
G. ETtLINGEer 
Psychological Laboratory, 
Institute of Neurology, 
Queen Square, London, W.C.1. 


1 Ettlinger, G., Behaviour, 16, 56 (1960). 

* Bates, J. A. V., and Ettlinger, G., Arch. Neurol. (Chicago) (in the press). 

* Kelvin, R. P., and Mulik, A., Quart. J. Exp. Psychol., 10, 187 (195s) 
Krauthamer, G., Ph.D. thesis, New York University College of 
Medicine (1959). 

* Gebhard, J. W., and Mowbray, G. H., Amer. J. Psyehol., 72, 521 
(1959). 

* Cannon, R. C., Ph.D. thesis, Department of Psychology, University 
of Colorado (1955). Krauthamer, G., as ref. 3. 


Blocking Effect of Tetrahydroaminacrin 
on a New Psychotomimetic Agent 


TETRAHYDROAMINACRIN, & cholinesterase inhibitor, 
has been found to be an effective antidote to induced 
‘model psychosis’ as well as the central and peripheral 
effects of an acetylcholine inhibitor, JB 329, in eight 
cases. 
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N-Ethyl-3-piperidyl cyclopentyl] 
phenyl! glycolate hydrochloride 


The compound designated JB 329 (I) is a member 
of a series of 3,4-substituted piperidyl benzylates 
which have been recently demonstrated to possess 
psychotomimetic properties'.*. This compound has 
clinical effects that simulate some aspects of psychosis 
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more closely than lysergic acid diethylamide or 
mescaline and is therefore of considerable interest. 

The anticholinergic effect of JB 329 on guinea pig 
ileum is comparable to and may exceed atropine. 
It also is a@ weak antihistaminic but has no anti- 
serotonin activity (Research Division of Chemistry 
and Pharmacology, Lakeside Laboratories). Sub- 
stitution of H for OH in the benzylic acid nearly 
abolishes psychotomimetic properties and conse- 
quently greatly reduces anticholinergic potency, 
whereas substitution of a quaternary nitrogen in 
the piperidyl ring also abolishes psychotomimetic 
properties, but has little effect on anticholinergic 
properties. 

Tetrahydroaminacrin, 1,2,3,4-tetrahydro-5-amino- 
acridine (II) was synthesized by Albert et al. in 
1945 8. 
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1,2,3,4-Tetrahydro-5-aminoacridine 


Rubbo and others‘. have shown that 1,2,3,4- 
tetrahydro-5-aminoacridine has no bacteriostatic pro- 
perties in contradistinction to other related acridines. 
Later this compound was shown to possess a sig- 
nificant antagonistic effect to morphine depression 
in dogs*, producing good arousal with the animal 
appearing normal and alert. This stimulant effect, 
the production of alertness with increased mental 
clarity, has also been observed clinically when 
1,2,3,4-tetrahydro-5-aminoacridine has been added 
to the high morphine dosages frequently employed 
in patients with severe pain from terminal carcinoma 
(Shaw, F. H., personal communication). 

1,2,3,4-Tetrahydro-5-aminoacridine has marked 
anticholinesterase activity, is an effective decurarizing 
agent’, displays eserine-like activity on the intestine, 
and atropine-like properties on the heart. 

Therefore it seemed that  1,2,3,4-tetrahydro-5- 
aminoacridine would warrant a trial as an antidote 
to the peripheral and central effects induced by 
JB 329. Preliminary screening was carried “out 
in animals and 1,2,3,4-tetrahydro-5-aminoacridine 
was found to counteract the increased activity pro- 
duced in mice by JB 329 as measured in an activity 
cage. 

Clinical trials were then undertaken, and 1,2,3,4- 
tetrahydro-5-aminoacridine, given intravenously, was 
a complete and effective antidote for both the central 
and peripheral effects of JB 329 in eight subjects. 
To date we have studied the effects of JB 329, 
given both orally and intramuscularly, in a large 
number of cases. In the present work four chronic 
alcoholics, one sociopath and three schizophrenics 
were given 10-20 mgm. of JB 329 intramuscularly. 
All subjects were able to speak adequately. Auto- 
nomic symptoms such as mydriasis, tachycardia, 
dryness of the mouth and muscle weakness were 
seen in all the subjects. The central effects pro- 
duced in these subjects and in many others studied 
were essentially the same as those already reported 
by others. These began about 20 min. after ad- 
ministration of the drug and consisted of confusion, 
difficulty in speech and concentration, disorientation 
and hallucinations. Hallucinations were visual, 
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olfactory, tactile and auditory, lasted up to 24 hr. 
and reproduced earlier real or hallucinated experi- 
ences. They were accompanied by gross distortion 
of visual perception, and by hallucinating objects 
and people. A number of subjects exhibited paranoid 
ideation and ideas of grandeur. Some showed com- 
plete loss of contact with the environment and re- 
acted to their hallucinations. In some cases stupor 
and mussitant delirium were produced. 

One illustrative case will be presented. This 
patient, M, an alcoholic with good verbal level and 
little deterioration, was given 10 mgm. JB 329 intra- 
muscularly. He became for a time confused and 
drank imaginary glasses of alcohol, refilling them 
from non-existent bottles. His speech also became 
progressively more incoherent until in about 1} hr. 
he became stuporose, with eyes staring fixedly ahead, 
and unable to articulate any word or sound, and with 
his limbs markedly hypotonic. At this point 30 mgm. 
1,2,3,4 - tetrahydro - 5-aminoacridine were adminis- 
tered intravenously over 5 min. Two min. after com- 
mencement of the injection he spoke and responded 
rationally, was alert and in complete contact. Muscle 
tone was restored to normal and he could walk 
without assistance. He did not relapse into stupor, 
and conversation was at all times clear and lucid 
and showed no evidence of a return to confusion, 
disorientation or the production of psychotic material 
of a delusional or hallucinatory type. This type of 
response is typical for alcoholics given JB 329. 

Subjects belonging to different diagnostic categories 
respond to JB 329 with distinct and different pictures. 
These will be reported in detail elsewhere (Gershon, 
S., and Olariu, J., unpublished work). 

In all eight cases, the intravenous injection of 
between 30 and 60 mgm. of 1,2,3,4-tetrahydro-5- 
aminoacridine was a complete antidote to the JB 329- 
induced state, whatever the predominant clinical pic- 
ture. Furthermore, the 1,2,3,4-tetrahydro-5-amino- 
acridine reversed the blood pressure and heart-rate 
changes induced by JB 329, whether initially an 
elevation or a depression of these functions occurred. 

These observations demonstrate that 1,2,3,4-tetra- 
hydro-5-aminoacridine, a cholinesterase inhibitor, is 
a successful and complete antidote to the ‘model 
psychosis’ induced by JB 329, in both non-psychotic 
and psychotic subjects. Although these two com- 
pounds affect cholinesterase and acetylcholine in 
vitro, this may not necessarily be their mechanism 
of action in producing the changes reported here. 
However, it is felt that this is a promising area for 
further investigation. 

This work was supported by a grant from the 
National Institute of Mental Health, No. 1972. 


SAMUEL GERSHON 


Joint Research Project in 
Schizophrenia and Psychopharmacology, 
University of Michigan and 
Ypsilanti State Hospital, 

Box A, Ypsilanti, Michigan. 


1 Abood, L. G., and Meduna, L. J., J. Nerv. Ment. Dis., 127, 546 (1958). 

* Abood, L. G., Ostfield, A. M., and Biel, J., Proc. Soc. Exp. Biol. 
Med., 97, 483 (1958). 

* Albert, A., and Gledhill, W., J. Soc. Chem. Indust., 64, 169 (1945), 

* Albert, A., Rubbo, 8. D., Goldacre, R. J., Davey, M. E., and Stone, 
J. D., Brit. J. Exp. Path., 26, 160 (1945). 

> Rubbo, 8. D., Albert, A., and Maxwell, M., Brit. J. Exp. Path., 23, 
69 (1942). 

* Shaw, F. H., Gershon, S., and Bentley, C. A., J. Pharm. Pharmacol., 
9, 666 (1957). 

? Gershon, S., and Shaw, F. H., J. Pharm. Pharmacol., 10, 638 (1958). 
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STATISTICS 


The Meaning of Binomial Distribution 


Two generalizations of the simple binomial distribu- 
tion are common in statistical text-books, one due to 
W. Lexis and the other to S. D. Poisson. Lexis 
considered the case in which the probability of an 
event occurring, p, is constant in the N trials of one 
experiment, but varies among several such experi- 
ments. He showed that the mean and variance of the 
resulting binomial distribution are Np and Npq 
N(N—1)V(p), where p= 1—@ is the mean, and V(p) 
the variance, of p between experiments. The variance 
thus exceeds that of the simple binomial distribution 
with the same mean. Poisson considered the case in 
which p takes the value p; at the ith trial in each 
experiment, and showed that the mean and variance 
of the resulting distribution are Np and Npgq 
NV’(p), where V’(p) is the variance of p within 
experiments. 

In order to specify the exact form of the modified 
binomial distribution, it is necessary to postulate a 
distribution for p, in the first case, and the values p; 
in the second. A convenient distribution for p is 
the §-distribution, and the resulting Lexian binomial 
has been described and used by Edwards' in con- 
nexion with work on the human sex ratio. The 
Poisson binomial is not commonly used, although 
to do so would be a simple, if tedious, matter. Parkes? 
gives some data on the sex ratio in pigs which 
exhibit unexpectedly small variances, and if he 
had known of this distribution he need not have 
observed that his was “a finding very hard to 
interpret’. 

David* describes Lexian and Poissonian variation 
adequately, including the case in which both types 
occur simultaneously. But she perpetrates a common 
fallacy when she concludes .that if the observed 
variance of a binomial distribution does not differ 
significantly from Npg then ‘‘the probability may be 
assumed to be constant throughout the observations’’. 
For the two types of variation may be masking each 
other, and the only valid inference is that there is no 
evidence for variations in the probability. 

I have recently found a third generalization of the 
simple binomial distribution useful. Suppose that the 
probability is p at each trial, but that the result of a 
trial is causally correlated to the result of the previous 
one, with correlation coefficient r. Then, formulating 
the problem like a Markov process, the matrix 
of transition probabilities from one trial to the 
next 18: 


(p rq q rq 
\P 'P gq + TP) 


and the generating function of the ‘Markov binomial’ 
distribution is: 


( Lr t “y\ N-1 77° 
G(s) (ps q) (p rq)8 q "z l 
(p — rp)s q + rp) a7 
where s is a dummy variable 
The matrix of transition probabilities has the 
interesting property : 


V \ 


q° 
P qd .. rN\p/ 


(p t rNq q T- 
Por 


(pP+aq—-e 
p—rpq+rp/ 
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Thus the correlation coefficient between trials separ- 
ated by N-1 other trials is r’. The coefficient is, in 
fact, the determinant of the matrix. 

The mean of the distribution is clearly Np, and the 
variance can be found from the formula for the 
variance of the sum of N correlated variables : 


o? = Npq + 2(N-1)rpq + 2(N—2)r*pq + 
2(N —3)r3pq ... + 2rN-"pq 


Npq + 2pq . (N(1—r) l +r) 


(1 r)? 


This variance exceeds Npq if the correlation is 
positive, but is less than Npgq if the correlation is 
negative. 

In practice it is impossible to separate out the 
three effects here described when the data are sok 
in the form of binomial distributions; but if the 
data are available broken down into series, an 
analysis may be made : 

It can be shown that the correlation coefficient 
between successive trials is equal to: 


V(p) 
Py 


) - (l-—r) 


where r is the correlation coefficient between successive 
trials within experiments and \(p) is the variance of 
p between experiments. Small variations in p between 
trials are second-order effects in the expression 
and may be neglected. Thus the correlation co- 
efficient between trials separated by (N—1) other 
trials is: 
Te V(p) 
PY 


and this formula enables V and r to be estimated. 
Variation in p between trials may, of course, be 
estimated directly. 

We are thus equipped to analyse binomial data 
on the fairly comprehensive hypothesis that the 
probability of an event occurring at the ith trial in 
the jth experiment is p; pj, where the p;’s are 
small and Sp; = 0, there being an additional real 
correlation, with coefficient r, between the results of 
successive trials in an experiment. Further general- 
ization may, of course, be made, at the risk of some 
complexity, but it is doubtful whether any data 
exist that warrant it. 

In conclusion, it must again be emphasized that 
no useful inferences can be made from the fact that 
data fit the simple binomial distribution satisfactorily ; 
for, on one hand, variability of p between experi- 
ments, and a positive correlation between successive 
trials, increase the variance, and on the other, 
variability of p between trials, and a negative correla- 
tion, reduce it. 


A. W. F. Epwarps 


Department of Genetics, 
University of Cambridge. 
Feb. 12. 


1 Edwards, A. W. F., Ann. Hum. Genet., 23, 6 (1958). 

2 Parkes, A. S., Biometrika, 15, 373 (1923). 

’ David, F. N., “Probability Theory for Statistical Meth: 
bridge University Press, 1951). 
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No. 4730 June 25, 1960 
APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

RESEARCH ASSISTANT, for work on the structure of crystalline pro- 
teins using X-rays and electronic computers—The Secretary, Birk- 
beck College (University of London), Malet Street, London, W.C.1 
(June 29). 

ASSISTANT LECTURER (with a degree in botany with some zoology) 
In BloLogy—The Registrar, University College of North Stafford- 
shire, Keele, Staffs (June 30). 

DEMONSTRATOR IN THE DEPARTMENT OF GEOLOGY—The Registrar, 
University College of North Staffordshire, Keele, Staffs (June 30). 

LABORATORY TECHNICIAN (with experience of chemical or bio- 
chemical analysis) IN THE DEPARTMENT OF VETERINARY HYGIENE 
AND PREVENTIVE MEDICINE—The Secretary, University of Edinburgh. 
Old College, South Bridge, Edinburgh, quoting Ref. No. LT/VH/5/60 
(June 30). 

LECTURER IN APPLIED MATHEMATICS—The Registrar, Queen Mary 
College (University of London), Mile End Road, London, E.1 (July 3). 

ASSISTANT LECTURER IN PURE MATHEMATICS—The Registrar, The 
University, Sheffield (July 9). 

BRITISH COKE RESEARCH FELLOW IN THE DEPARTMENT OF CHEM- 
istkY, for research on the carbonization of high polymers—The 
Registrar, The University, Hull (July 9) 

LECTURER (Grade I) IN PURE MATHEMATICS—The 
University, Leicester (July 9). 

SHELL STUDENTS (graduates in chemistry or engineering) IN CHEM- 
ICAL ENGINEERING—The Registrar, King’s College (University of 
ndon), Strand, London, W.C.2 (July 4). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF Z00- 
LocGy—The Registrar, The University, Liverpool, quoting Ref. No. 
CV/T (July 9). 

W. J. REES RESEARCH FELLOW (with some research experience) 
IN THE DEPARTMENT OF REFRACTORIES TECHNOLOGY in the Faculty 
of Metallurgy, to advance knowledge in the field of refractory materials 
—The Registrar, The University, Sheffield (July 9). 

RESEARCH ASSISTANT (with a good honours degree in botany or 
wricultural botany and an interest in experimental ecology and/or 
genetics) IN AGRICULTURAL BOTANY, for investigations on the mineral 
nutrition of natural populations of agriculturally important grass 
species—The Registrar, University College of North Wales, Bangor, 
North Wales (July 15). 

ASSISTANT (preferably with an interest in systematics of the fungi) 
In BoTANY—The Secretary of University Court, The University, 
Glasgow (July 16). 

FELLOW (chemist or biochemist, with the Ph.D. degree or about 
to obtain it) IN THE CHEMISTRY DEPARTMENT of the Faculty of 
Science, for the study of nucleotides in relation to the bacterial cell 
wall—The Registrar, The University, Manchester 13 (July 16). 

LECTURER IN ELECTRONIC COMPUTING—The Registrar, The Univer 
sity, Leeds 2 (July 16). 

STUDENT (with good honours in a first degree in physics) IN THE 
DEPARTMENT OF PuHysics, for research on the thermionic and related 
aspects of the direct conversion of thermal to electrical energy—The 
Professor of Physics, The University, Southampton (July 16). 

FELLOW or SENIOR FELLOW IN THE DEPARTMENT OF PHYSICAL 
BIOCHEMISTRY, John Curtin School of Medical Research, Australian 
National University—The Secretary, Association of Universities of 
the british Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia and London, July 18). 

SENIOR LECTURERS and LECTURERS IN CHEMISTRY, MATHEMATICS, 
Puysics, ZOOLOGY AND ENGINEERING at Monash University, Clayton, 








Registrar, The 












Victoria, Australia- The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(July 18). 


TEMPORARY ASSISTANT LECTURER or TEMPORARY LECTURER (pre- 
ferably with interests in applied mathematics) IN THE DEPARTMENT 
OF MATHEMATICS—The Secretary, University College, Gower Street, 
London, W.C.1 (July 20). 

ASSISTANT FOREST ENTOMOLOGIST (with a degree or diploma in 
science or an applied science with training and aptitude for forest 
entomelogical research) with the Forests Commission of Victoria, 
Australia, to undertake field investigations into the incidence and 
control of forest insect pests, under the Forest Entomologist and 
Research Officer—The Agent-General for Victoria, Victoria House, 
Melbourne Place, Strand, London, W.C.2 (July 23). 

RESEARCH ASSISTANT IN THEORETICAL Puysics in St. Salvator’s 
College—Joint Clerk to the University Court, College Gate, St. 
Andrews (July 23). 

LECTURER (with a good honours degree and a special interest in 


mycology and plant pathology) IN BOTANY at the University College 
f the West Indies—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W.C.1 
July 25). 

CHAIR OF CIVIL ENGINEERING, and CHAIR OF ELECTRICAL ENGINEER- 


ING at the Royal Technical (¢ ‘olie ge of East Afi 
versity College in Nairobi—The Secretary, 
for Higher Education Overseas, 
(July 30). 

CHAIR OF GEOGRAPHY in Canberra University College. 





a and proposed Uni- 
Inter-University Council 
29 Woburn Square, London, W.C.1 


Australia 


The Secretary, Association of Universities of the British Common- 
— 36 Gordon Square, London, W.C.1 (Australia and London, 
uly 30), 


ex * TANT PROFESSOR IN THE DEPARTMENT OF CHEMICAL ENGINEER- 
ING—Head of the Department of Chemical Engineering, Unive rsity 
if Brit in Columbia, Vancouver, B.C., Canada (July 31). 

/ECTURER (preferably with experience in comparative physiology 
or experimental zoology) IN ZOOLOGY at the University of Auckland, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand and London, July 31). 
. LECTURER (with a degree in chemical engineering and experience in 

te practice of chemical engineering in industry and/or in teaching and 
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research) IN CHEMICAL ENGINEERING at the University of Cape Town, 


Association of Universities of the 
London, W.C.1 (South 


South Africa—The Secretary, 
British Commonwealth, 36 Gordon Square, 
Africa and London, July 31) 

SENIOR LECTURER IN STATISTICS ; and a LECTURER IN PHARMACY 
at Rhodes University, Grahamstown, South Africa—The Secretary, 
Association of Universities of the British Commonwealth, | —— 
Square, London, W.C.1 (South Africa and London, July 

DIRECTOR OF THE SOUTH AUSTRALIAN INSTITUTE OF TEC abeneet, 
North Terrace, Adelaide, South Australia—The Agent-General for 
South Australia, South Australia House, 50 Strand, London, W.C.2 
(August 20). 

LECTURER IN ARCHZOLOGY—The Secretary of University 
The University, Glasgow (August 31) 

READER IN ELECTRIC TRACTION at the Imperial College of Science 
and Technology, London, 8.W.7—The Academic Registrar, Univer- 
sity of London, Senate House, London, W.C.1 (September 12). 

ASSISTANT EXPERIMENTAL OFFICERS (2) (graduates), one for a 
trapping and marking programme and population and distribution 
studies (an unmarried man), and the other for the study of parasite 
ecology—The Assistant Director (Research), The Wildfowl Trust, 
Slimbridge, Glos. 

ASSISTANT, Grade B, IN MATHEMATICS—The 
Institute of Technology, Bradford 7. 

ASSISTANT LECTURER IN PHYSICAL CHEMISTRY—Prof. R. M. Barrer, 
F.R.S., Chemistry Dapeetent, Imperial College of Science and 
Technology, London, 8.W 

ASSISTANT or ASSOCIATE "PROFESSOR (with Ph.D. or equivalent, 
plus demonstrated ability in pharmacology or related fields of 
physiology or biochemistry) IN THE DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS—Dr. Mark Nickerson, University of Manitoba, 
Winnipeg, Canada. 

BIOCHEMIsT (Senior or Basic grade) to the Rochdale Group of 
Hospitals, to work under the Consultant Pathologist and to carry out 
biochemical work for the hospitals and clinics of the Group—The Group 
Secretary, Rochdale and District Hospital Management Committee, 
Central Offices, Birch Hill Hospital, Rochdale, Lancs. 

BIOCHEMIST (non-medical) IN THE DEPARTMENT OF MEDICINE, 
Makerere College (University College of East Africa)—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1. 

HEAD OF THE SCHOOL OF LIBRARIANSHIP, Manchester College of 
Science and Technology—The Secretary, The Library Association, 
Chaucer House, Malet Place, London, W.C.1. 

JuN1OR Puysicist—The Clerk to the Gove rnors, St. 
Hospital, London, E.C.1, marking envelope “*Physicist’ 

LECTURER (with a good honours degree and preferably a higher 
degree) IN GEOLOGY with emphasis on Petrology and Structural Geo- 
logy. The Secretary, Sir John Cass College, Jewry Street, London, 
E.C.3 

POSTDOCTORAL FELLOW IN THE DEPARTMENT OF CHEMICAL ENGIN- 
EERING, for research into flame spectroscopy or a related subject— 
Dr. A. G. Gaydon, F.R.S., Imperial College of Science and Technology, 
London, 8.W.7. 

RESEARCH ASSISTANT (PHYSICIST) (preferably with a knowledge 
of electronics and a degree in physics), for work with the X-ray 
scanning micro-analyser (electron probe) in the field of ore microscopy 

yr. A. P. Millman, Mining Geology Department, Royal School of 
Mines, Prince Consort Road, London, 8.W.7. 

RESEARCH ASSISTANT (preferably with experience in cytology), 
to take part in a programme designed to study human chromosome 
abnormalities and associated disorders—The Secretary, Genetics 
Department, The University, Sheffield 10. 

RESEARCH FELLOW (with a Ph.D. degree or equivalent research 
experience) IN THE CHEMISTRY DEPARTMENT, for work on the kinetics 
of gaseous cxidation reactions, in collaboration with Dr. R. R. 
Baldwin—The Professor of Chemistry, The University, Hull. 

RESEARCH STUDENT IN CHEMISTRY, for work on the chemistry of 
urease under the direction of Prof. W. Cocker—The Registrar, Trinity 
College, Dublin. 

SENIOR GRADE TECHNICIAN (A.1.M.L.T. 
CHEMISTRY DEPARTMENT, for general routine work—The 
Group 9 Pathological Laboratory, 6 Rickmansworth Road, 
Herts. 

SENIOR LECTURER IN 
The Secretary, Sir John Cass College, 

SENIOR LECTURER (well qualified, 
experience) IN ORGANIC CHEMISTRY—The 
Institute of Technology, Bradford 7. 

SENIOR TECHNICIAN Il TO TAKE CHARGE OF THE 
DEPARTMENT in the Group Laboratory—The Secretary, 
H.M.C., Langthorne Road, London, E.11. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 





Court, 


Registrar, Bradford 


Bi irtholomew’s 


or B.Se.) IN THE BIo- 
Secretary, 
Watford, 


Puysics, and a LECTURER IN PHyYSsICcS— 
Jewry Street, London, E.C.3 

with industrial and/or research 
Registrar, Bradford 


BIOCHEMISTRY 
Forest Group 


Great Britain and Ireland 


Co-ordinaring Advisory Committee on Oil Pollution of the Sea. 
Report of Proceedings = the International Conference on Oil Pollution 
of the Sea, 3-4 July, 1959, Copenhagen. Pp. 93. (London: Miss P. 
Barclay-Smith, c/o British Museum (Natural History), 1960.) 3s. [303 

Department of Scientific and Industrial Research. Radio Research 


1958: The Report of the Radio Research Board and the Report of the 
Director of Radio Research. Pp. iv+43+4 plates. (London: H.M. 
Stationery Office, 1960.) 38. 6d. net. [303 


Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 64: Wardle Flies of Cattle. Pp. 5. (Belfast: Ministry of Agri- 
culture, 1960.) [303 

Research Defence Society. Conquest Pamphlet No. 10: The Use of 
Laboratory Animals in the Standardization of Drugs—Outstanding 
questions posed and answered by the Research Defence Society. Pp. 6. 
(London: Research Defence Society, 1960.) 6d. [44 
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University College Farm in the Agriculture of Rhodesia and 
an Inaugural Lecture given in the University College of 
By Prof. A. G. Davis. Pp. 43. (London : 


The 
Nyasaland : 
Rhodesia and Nyasaland. 
Oxford University Press, 1960.) 48. net. 

Henry Wiggin and Co., Ltd. Nimocast 
Pp. 36. (Birmingham: Henry Wiggin and Co., Ltd., 1960.) 4 

Forestry Commission. Leaflet No. 45: The Roe Deer. Pp. 16. 
(London : H.M. Stationery Office, 1960.) 1s. 6d. net. {44 

South-West Essex Technical College and School of Art. Annual 
Report, Session 1958-1959. Pp. 26. (21st Anniversary.) (Waltham- 
stow : South-West Essex Technical College and School of Art, 1960. )(44 
Philosophical Transactions of the Royal Society of London. Series 
A: Mathematical and Physical Sciences. No, 1012, Vol. 252 (March 31 
1960): Random Walk on a Sphere and on a Riemannian Manifold. 
By P. H. Roberts and H. D. Ursell. Pp. 317-356. 12s. 6d. No. 1013, 
Vol. 252 (31 March, 1960): The Thermodynamic Properties of Fluid 
Helium. By R. W. Hill and O. V. Lounasmaa. Pp. 357-395. 12s. 
No. 1014, Vol. 2 (31 March, 1959): 
dynamic Waves and other Anisotropic Wave 
Lighthill. Pp. 397-430. 10s. 6d. (London: 
1960.) 

Agricultural Research Council : Radiobiological Laboratory. Report 
No. 2 a 90 in Milk and Agricultura! Materials in the United 
Kingdom, 1958-1959. Pp. xi+91. (London: H.M. Stationery Office, 
1960.) 5s. net. 

Association of 


(44 
Heat-Resisting Alloys. 
4 


Studies on Magneto-Hydro- 
Motions. By M. K. 
The Royal Society, 

[44 


[ 
Universities of the British Commonwealth. Con- 
ference of the Universities of the United Kingdom 1959—Report of 
Proceedings. (Conference convened by the Committee of Vice- 
Chancellors and Principals, and held in the William Beveridge Hall, 
University of London Senate House, 11th and 12th December, 1959.) 
Pp. 104. (London: Association of Universities of the British Common- 
wealth, 1960.) 5s. [44 
Ministry of Education. Pamphlet No. 38: Science in Secondary 
Schools. Pp. vi+164+6 plates. (London: H.M. Stationery Office, 
1960.) 6s. net. 44 
Imperial College of Science and Technology (University of London). 
Postgraduate Course in Nuclear Technology (Chemical), 1960-61. 
Pp. 9. (London: Impe rial College of Science and Technology, 1960. ) (44 
Fede ration of British Industries. The Technical Colleges and Their 
Government : an Industrial Appraisal. (F.B.1. Handbook.) Pp. vii-+ 
44. (London : Federation of British Industries, 1960.) 5s. {4 
University of London. University College Annual Report 1958- 
1959. Pp. 95. (London: University College, 1960.) [44 
Institution of Chemical Engineers. Regulations for the Admission 
of Student, Graduate, and Corporate Members, and for the Exam- 
ination of the Institution. Pp. iii+27. (London Institution of 
Chemical Engineers, 1960.) 44 
Chelsea College of Science and 
Report, 1958-59. Pp. 46. (London 
Technology, 1960.) 
Department of Scientific 
Research. Bulletin No. 1: 
tay and J. G. Savory. Sixth edition. Pp. viii + 
H.M. Stationery Office, 1960.) 4s. net. 
Government of Northern [Ireland 
No. 141: Metabolic Disorders of 
Milk Fever, Hypomagnesaemic Tetany.) 
Agriculture, 1960.) (44 
The Registrar General's Statistical Review of England and Wales 
for the year 1958. Part 1: Tables, Medical. Pp. xi+330. (London: 
H.M. Stationery Office, 1960.) 20s. net. [44 
General Register Office. The Registrar-General’s quarterly return 
for England _ Wales—Births, Deaths and Marriages; Infectious 
Diseases feather: Population Estimates, quarter ended 3ist 
December BA (No. 444, 4th Quarter 1959.) Pp. 27. (London: 
H.M. Stationery Office, 1960.) 2s. net. [44 
Ministry of Labour. Central Youth Employment Executive. Choice 
of Careers Series. No.1: Choosing Your Career. Pp. 32. 14. 6d. net. 
No. 94: Laboratory Technicians and Assistants. Pp. 56. 2s. 6d. net. 
No. 100: The Scientist. Pp. 48. 1s. 3d. net. (London HM. Stationery 
Office, 1960.) 44 
Ministry of Education. Circular 1/60 (28th , 
Future Development of Management Education and of Business 
Studies—Revision of Joint Examination Schemes. Pp. 3. Appendix to 
Cireular 1/60 Report of the Working et appointed to examine 
the Scheme of Management Studies. Pp. i+57. (London: Ministry 
of Education 1960.) i : {44 
Wool Industries Research Association. Report of the Director of 
Research for 1959. Pp. 39. (Publication No. 214.) (Headingley, Leeds : 
Wool Industries Research Association, 1960.) i {74 
Hertfords hire County Council Technical Information a 
Microtexts as “lia for Publication. (The papers and discussion of ¢ 
Symposium he i i at Hatfield Technical College on the 10th Nove mber, 
1959, under the Chairmanship of Mr. D. T. Richnell, B.A., F.L.A.) 
Pp. 87. (Roe Green, Hatfield : County Technical Librarian, os | 
7 


Technical College, 1960.) 


[ 
Annual 
and 

44 


Sixty-fourth 
of Science 


Technology. 
Chelsea College 


Forest Products 
P. K. Find- 
(London : 

[44 


and Industrial Research 
Dry Rot in Wood. By Dr. W. 
36 + 10 figures. 


Ministry of Agriculture. Leaflet 
Cattle and Sheep (Acetonaemia, 
Pp. 7. (Belfast: Ministry of 


March 1960) the 


Other Countries 


Tokyo Astronomical Observatory Tokyo 
Second Series. No. 117: Meridian Observations of the 
sions of the Moon and Planets during the year 1958. 

H. Yasuda and H. Hara. Pp. 1359-1366. No. 118: Approximate 
Positions of Artificial Satellites Obtained with the Baker-Nunn 
Schmidt Camera (1). By the Sky Patrol Section of the Tokyo Astrono 

mieal Observatory. Pp. 1367-1380. No. 119: Revision of the Tokyo 
UT? on the Basis of the Improved Star Places for the PZT. By Masahisa 
Torao. Shigetaka lijima and Seiichi Okazaki. Pp. 1381-1394. No 
120: Photographic Observations of Minor Planets and Comets (35). 
By Hidewo Hirose and Koichiro Tomita. Pp. 1395-1407. No. 122 

Attempts to Observe the Solar Ultraviolet Radiation with a Rocket- 
borne Spectrograph. By Kuniji Saito and Keizo Nishi. Pp. 1497-1509. 
No. 123: Note on the Elements of the Eclipsing System - Virginis. 
By Masatoshi Kitamura and Chie Takahashi. Pp. 1511-15 No. 125: 
Frequency Change due to Doppler Shift in wwvHi Siguals c as received 


Astronomical Bulletin, 
Right Ascen- 
By 5. Nakano 
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at Tokyo. By Shigetaka Iijima, Yoshima Ohki and Iwai Oyuma, 
Pp. 1525-1536. (Tokyo: Tokyo Astronomical Observatory, 1959 
and 1960.) 303 

Organization for European Economic Co-operation: European 
Nuclear Energy Agency. The [Industrial Challenge on Nuclear Energy 
3: Stresa Conference. Part 3: The Market for Nuclear Materials— 
Fuels—Moderators—Special Metals. Pp. 297. (Paris: Organization 
for European Economic gee London: H.M. Stationery 
on 1960.) 12 NF.; 182. 3 3 dollars ; 12 Swiss francs; 10.20 


~M. (44 

Neunzehnter Jahresbericht der Schweizerischen Gesellschaft fiir 
Vererbungsforschung—Société Suisse Génétique (8.8.G.), 1959. Mit 
Unterstiitzung der Julius Klaus-Stiftung fir Vererbungsforschwung, 
Sozialanthropologie und Rassenhygiene in Ziirich. Herausgegeben von 
Marthe Ernst-Schwarzenbach. (Separatabdruck aus Archiv der 
Julius-Stiftung fiir Vererbungsforschung, Sozialanthropologie und 
Rassenhygiene, Band X XXIV, 1959, Heft 1/4). Pp. 193-319. (Ziirich: 
Art. Institut Orell Fiissli AG., 1959. 

South African Council for Scientific 
National Nutrition Research Institute. C.S.1.R. Research Report | 72: 
Food Enrichment in South Africa—a Study of Principles of food 
Enrichment and Their Application to Food Policy in South Africa, 
with special reference to the Use of Fish Flour for the Protein Enrich- 
ment of Bread. Pp. xiii+157. (Pretoria: South African Counc’! 
Scientific and Industrial Research, 1959.) 

Uganda Electricity Board. Twelfth Annual Report and Acc: 
for the year ended 3lst December, 1959. Pp. 52. (Kampala: U 
Electricity Board, 1960.) 5s. 

Meddelelser fra pene Fisheri- og Havundersegelser. : 
Series, Bind 2, Nr. 23- Nr. 23: Investigations on the Quantit itive 
and Qualitative Distribution of Zooplankton in the Southern Part of 
the Norwegian Sea. By V. K. Hansen. Nr. 24: A Quantitative Investi- 
gation of the Echinoderm Fauna of the Central North Sea. By Erik 
Urson. Nr. 25: Conditioning Ostrea edulis L. from the Limfjord for 
Reproduction out of Season. By I. A. Aboul-Ela. Nr. 26: The Oligo- 
chaete Fauna of Three Danish Brackish Water Areas. By [. | 
Pp. 292+5 plates. (Kobenhavn: C.A. Reitzels Forlag, 1960 
Danske Kr. 

Chicago Museum of Natural History. Fieldiana Anthrop 
Vol. 50: Leadership and Cultural Change in Palau. By Rola: 1 
Force. Pp. 211. 5 dollars, Vol. 51, No.1: Excavations in the Upper 
Little Colorado Drainage, Eastern Arizona. By Paul S. Martin and 
John B. Rinaldo. Pp. 127. 4 dollars. (Chicago: Chicago N 
History Museum, 1960.) 

World Health Organization. 


: {44 
and Industrial Research : 


Technical Report Series. N« 
Epidemiology of Cancer of the Lung—Report of a Study Group 
13. (Geneva : World Health Organization ; London: H.M. Stat 
Office, 1960.) 1 Swiss franc ; 1s. 9d. ; 0.30 dollars. 

Council of Scientific and Industrial Research 
Laboratory, Hyderabad, India. Annual Report, 

72. (Hyderabad : Regional Research Laboratory, 1960.) 7 

Folia Medica, Tomus 1, Fasciculus 1. Pp. iv+68. (International 
Supplement of “Collection of Scientific Works” of Pavlov's Higher 
Medical Institute, Plovdiv, Bulgaria.) Yearly subscription (4 numbers) 
Leva 20. Single numbers, Leva 6. (Plovdiv: Academic 
“LP. Pavlov’, 1959.) 

Annual Report of the Indian Council of Agricultural Resea 
1956-57. - vi+209. (Delhi: Manager of Publications, 1959.) 
5.25; 88. 3d. 

Indian Forest Records (New Series). Mycology. 
Heart-Rots in Relation to Management of Sal. By B. K. 
ii+13—23+3 plates. (Delhi: Manager of Publications, 
1.25; 22. 

Report on the Revision of the Patents Law. By Shri Just 
Rajagopala Ayyangar. Pp. x +397. (Delhi: Manager of Publi: tome 
1959.) (74 

Bulletin of the Madras Government Museum. New Series—(:eneral 
Section. Vol. 7, No. 2: Select Sadtavihana ( ‘oins in the Government 
Museum, Madras. By Dr. M. Rama Rao. Pp. 27 (2 plates). Res. 1.75. 

fol. 7, No. 4: Beginnings of the Traditions of South Indian Temple 
Architecture. By P. R. Srinivasan. Pp. iii+34. Rs. 1.70. (Madras 
Madras Government Museum, 1959.) [74 

Australian National University Mount Stromlo ~ utory. 
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